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฀m฀o฀r฀e฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀g฀e฀t฀ ฀i฀n฀v฀o฀l฀v฀e฀d฀ ฀i฀n฀ ฀h฀a฀z฀a฀r฀d฀o฀u฀s฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s฀ ฀(฀G฀e฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀1฀4฀)฀.฀ ฀S฀e฀l฀f฀-฀r฀e฀p o r t e d  ฀s฀t฀r฀e฀s฀s฀ 23 
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฀s฀t฀u฀d฀y฀ ฀i฀t฀s฀ ฀e฀f฀f฀e฀c฀t฀s฀,฀ ฀i฀s฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀i฀t฀s฀ ฀i฀m฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀o฀n฀ ฀h฀u฀m฀a฀n฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀y฀.฀ ฀R฀e฀c฀e฀n฀t฀ ฀a฀d฀v฀a฀n c฀e฀s฀ i฀n฀ 36 
฀s฀e฀n฀s฀o฀r฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀a฀n฀d฀ ฀a฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀c฀o฀m฀p฀u฀t฀i฀n฀g฀ ฀h฀a฀v฀e฀ ฀m฀a฀d฀e฀ ฀i฀t฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀t฀o฀ ฀m a s u฀r฀e฀ ฀d฀r i฀v฀e฀r฀s’  37 
฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀,฀ ฀e฀.฀g฀.฀ ฀c฀h฀a฀n฀g฀e฀s฀ ฀i฀n฀ ฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀,฀ ฀E฀l฀e฀c฀t฀r฀o฀d฀e฀r฀m a l฀ 38 
฀A฀c฀t฀i฀v฀i฀t฀y฀ ฀(฀E฀D฀A฀)฀,฀ ฀b฀l฀o฀o฀d฀ ฀v฀o฀l฀u฀m฀e฀ ฀p฀u฀l฀s฀e฀,฀ ฀e฀t฀c฀.฀ ฀T฀h฀e฀r฀e฀ ฀a฀r฀e฀ ฀s฀e฀v฀e฀r฀a฀l฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀s฀t฀u฀d฀i e s  r e l a t d฀ t฀o฀ 39 
฀d฀r฀i฀v฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀t฀h฀a฀t฀ ฀u฀s฀e฀ ฀t฀h฀i฀s฀ ฀t฀y฀p฀e฀ ฀o฀f฀ ฀d฀a฀t฀a฀ ฀(฀s฀o฀m฀e฀ ฀e฀x฀a฀m฀p฀l฀e฀s฀ ฀H฀e฀a฀l฀ey  a n d  P฀i฀c฀a฀r d฀,  2฀0฀0฀5฀;฀ ฀S฀i฀n฀g h฀ 40 
฀a฀n฀d฀ ฀Q฀u฀e฀y฀a฀m฀,฀ ฀2฀0฀1฀3฀;฀ ฀R฀i฀g฀a฀s฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀1฀2฀)฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀ ฀a฀f฀o฀r฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀s฀t฀u฀d฀i฀e฀s฀ ฀m฀o฀s฀t฀l฀y฀ 41 
฀f฀o฀c฀u฀se d฀ ฀o฀n฀ ฀d฀e฀t฀e฀c฀t฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀r฀a฀t฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀n฀g฀ ฀i฀t฀s฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀o฀n฀ ฀o฀b฀s฀er v d฀ ฀d฀r฀i v i n g  42 
฀b฀e฀h฀a฀v฀i฀o฀u฀r฀. 43 
 44 
฀T฀w฀o฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀s฀t฀ ฀w฀i฀d฀e฀s฀p฀r฀e฀a฀d฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀i฀n฀d฀i฀c฀a฀t฀o฀r฀s฀ ฀-฀ ฀a฀l฀s฀o฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r e฀s e n t  s t u d y  -  a r e  45 
฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀E฀l฀e฀c฀t฀r฀o฀d฀e฀r฀m฀a฀l฀ ฀A฀c฀t฀i฀v฀i฀t฀y฀ ฀(฀E฀D฀A฀)฀.฀ ฀H฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀s฀ ฀t h e  ฀o b s e฀r v฀e฀d฀ ฀h฀e฀a฀r t b e฀a t s  46 
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฀p฀e฀r฀ ฀m฀i฀n฀u฀t฀e฀.฀ ฀L฀o฀w฀e฀r฀ ฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀i฀s฀ ฀g฀e฀n฀e฀r฀a฀l฀l฀y฀ ฀l฀i฀n฀k฀e฀d฀ ฀t฀o฀ ฀a฀ ฀r฀e฀l฀a฀x฀e฀d฀ ฀s฀t฀a฀t฀e฀ ฀w h฀i l  i t i n c r฀e a s e s u n฀d฀e฀r฀ 1 
฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀c฀e฀ ฀o฀f฀ ฀e฀m฀o฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀i฀m฀u฀l฀i฀ ฀o฀r฀ ฀m฀e฀n฀t฀a฀l฀ ฀e฀f฀f฀o฀r฀t฀( K a฀t฀s i s  e t  a l฀.฀,฀ ฀2฀0฀1฀1 )฀.฀ ฀E฀D฀A i s  r e l฀a฀t฀e฀d฀ ฀t฀o฀ 2 
฀t฀h฀e฀ ฀s฀w฀e฀a฀t฀ ฀g฀l฀a฀n฀d฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀ ฀a฀n฀d฀ ฀i฀t฀ ฀i฀s฀ ฀a฀n฀ ฀i฀n฀d฀i฀c฀a฀t฀o฀r฀ ฀t฀h฀a฀t฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀o฀r฀ ฀d฀e฀c฀r฀e฀a฀s฀e s  p r o p o฀r฀t o n a฀l l y฀ ฀t o  3 
฀s฀t฀r฀e฀s฀s฀ ฀e฀f฀f฀o฀r฀t฀(฀K฀a฀t฀s฀i฀s฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀1฀1฀)฀.฀ ฀E฀D฀A฀ ฀i฀s฀ ฀c฀o฀m฀p฀o฀s฀e฀d฀ ฀o฀f฀ ฀t฀w฀o฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀p฀a฀r฀t฀s฀,฀ ฀n฀a฀m฀e฀l฀y฀ ฀t฀h฀e฀ ฀s฀k฀i฀n฀ 4 
฀c฀o฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀l฀e฀v฀e฀l฀ ฀(฀S฀C฀L฀ ฀–฀ ฀t฀o฀n฀i฀c฀ ฀p฀a฀r฀t฀)฀ ฀a฀n฀d฀ ฀s฀k฀i฀n฀ ฀c฀o฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀ ฀(฀S฀C฀R฀ ฀–฀ ฀p฀h฀a฀s฀i c฀ p฀a฀r฀t )฀.  5 
฀W฀h฀i฀l฀e฀ ฀S฀C฀L฀ ฀i฀s฀ ฀s฀l฀o฀wl y฀ ฀v฀a฀r฀y฀i฀n฀g  ฀a฀n฀d฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀,฀ ฀S฀C฀R฀s฀ ฀a฀r฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ 6 
฀a฀s฀ ฀a฀ ฀s฀u฀d฀d฀e฀n฀ ฀a฀n฀d฀ ฀f฀a฀s฀t฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀o฀f฀ ฀s฀k฀i฀n฀ ฀c฀o฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀o฀w฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀c o f a  s p e c i f i c฀ 7 
฀s฀t฀i฀m฀u฀l฀u฀s฀ ฀a฀n฀d฀ ฀t฀h฀u฀s฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀l฀i฀n฀k฀e฀d฀ ฀t฀o฀ ฀a฀c฀u฀t฀e฀ ฀s฀t฀r฀e฀s฀s฀.฀ ฀S฀C฀R฀s฀ ฀a฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀f฀i฀e฀d฀ ฀i฀f฀ ฀t h฀e฀ ฀i฀n฀c฀r e฀a฀s฀e฀ ฀i n  8 
฀s฀k฀i฀n฀ ฀c฀o฀n฀d฀u฀c฀t฀a฀n฀c฀e฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀ ฀e฀x฀c฀e฀e฀d฀s฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀v฀a฀l฀u฀e฀s฀. 9 
 10 
฀B฀e฀f฀o฀r฀e฀ ฀p฀r฀o฀c฀e฀e฀d฀i฀n฀g฀,฀ ฀l฀e฀t฀ ฀u฀s฀ ฀j฀u฀s฀t฀ ฀e฀x฀p฀a฀n฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀a฀r฀g฀u฀m฀e฀n฀t฀ ฀o฀f฀ ฀w฀h฀y฀ ฀s฀u฀c฀h฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i c l  11 
฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀s฀ ฀a฀r฀e฀ ฀s฀u฀p฀e฀r฀i฀o฀r฀ ฀t฀o฀ ฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀.฀ ฀T฀h฀e฀ ฀t฀w฀o฀ ฀m฀o฀s฀t฀ ฀a฀p฀p฀a฀r฀en฀t฀ i s s u฀e฀s฀ ฀w฀i฀t฀h฀ 12 
฀s฀e฀l฀f฀-฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀d฀a฀t฀a฀ ฀a฀r฀e฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀ ฀b฀i฀a฀s฀ ฀a฀n฀d฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀e฀r฀r฀o฀r฀.฀ ฀F฀o฀r฀ ฀th  f o r฀m e฀r ,  a  r฀e฀s p o n d e n฀t฀ 13 
฀t฀o฀ ฀a฀ ฀q฀u฀e฀s฀t฀i฀o฀n฀n฀a฀i฀r฀e฀ ฀m฀a฀y฀ ฀p฀e฀r฀c฀e฀i฀v฀e฀ ฀t฀o฀ ฀b฀e฀ ฀m฀o฀r฀e฀ ฀o฀r฀ ฀l฀e฀s฀s฀ ฀s฀t฀r฀e฀s฀s฀e฀d฀ ฀t฀h฀a฀n฀ ฀h฀e฀/฀s฀h฀e฀ ฀a฀c฀t฀u฀a฀l฀l y  i s ,  a n d  ฀t฀h฀i฀s฀ 14 
฀c฀a฀n฀ ฀b฀e฀ ฀a฀m฀p฀l฀i฀f฀i฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀a฀s฀e฀ ฀o฀f฀ ฀r฀e฀c฀a฀l฀l฀ ฀s฀u฀r฀v฀e฀y฀s฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀l฀a฀t฀t฀e฀r฀,฀ ฀i฀t฀ ฀i฀s฀ ฀d฀i฀f฀f฀i฀c฀u฀l฀t฀ ฀f o r  a฀ ฀s฀u฀r฀v฀e฀y฀ 15 
฀r฀e฀s฀p฀o฀n฀d฀e฀n฀t฀ ฀t฀o฀ ฀q฀u฀a฀n฀t฀i฀f฀y฀ ฀t฀h฀e฀ ฀l฀e฀v฀e฀l฀ ฀o฀f฀ ฀s฀t฀r฀e฀s฀s฀ ฀i฀n฀ ฀a฀n฀ ฀o฀b฀j฀e฀c฀t฀i฀v฀e฀ ฀m฀a฀n฀n฀e฀r฀.฀ ฀A฀n฀ ฀a d฀d฀i฀t฀i o n฀a฀l  r e a฀s฀o฀n฀,฀ 16 
฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀l฀e฀s฀s฀ ฀o฀f฀t฀e฀n฀,฀ ฀i฀s฀ ฀t฀h฀a฀t฀ ฀o฀f฀ ฀s฀t฀r฀a฀t฀e฀g฀i฀c฀ ฀b฀i฀a฀s฀.฀ ฀A฀ ฀r฀e฀s฀p฀o฀n฀d฀e฀n฀t฀ i n  a  s u฀r฀v฀e฀y฀ ฀m a y  17 
฀p฀u฀r฀p฀o฀s฀e฀f฀u฀l฀l฀y฀ ฀o฀v฀e฀r฀s฀t฀a฀t฀e฀ ฀o฀r฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀t฀e฀ ฀h฀i฀s฀/฀h฀e฀r฀ ฀a฀c฀t฀u฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀f฀o฀r฀ ฀e฀x฀a m p l  t o  m฀a฀k฀e฀ ฀a฀n฀ 18 
฀e฀x฀p฀e฀r฀i฀e฀n฀c฀e฀d฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀ ฀s฀e฀e฀m฀ ฀m฀o฀r฀e฀ ฀s฀t฀r฀e฀s฀s฀f฀u฀l฀ ฀o฀r฀ ฀p฀l฀a฀y฀ ฀d฀o฀w฀n฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀h฀i฀s/฀h฀e฀r  o w฀n฀ ฀m n t a l  19 
฀s฀t฀a฀t฀e฀.฀ ฀N฀o฀n฀e฀ ฀o฀f฀ ฀t฀h฀e฀s฀e฀ ฀i฀s฀s฀u฀e฀s฀ ฀s฀h฀o฀u฀l฀d฀ ฀i฀n฀ ฀t฀h฀e฀o฀r฀y฀ ฀a฀r฀i฀s฀e฀ ฀w฀i฀t฀h฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀m฀e฀a s u r e m e n t฀s฀ a฀s฀ t h e  20 
฀a฀r฀e฀ ฀d฀r฀i฀v฀e฀n฀ ฀b฀y฀ ฀s฀u฀b฀c฀o฀n฀s฀c฀i฀o฀u฀s฀ ฀f฀a฀c฀t฀o฀r฀s฀ ฀t฀h฀a฀t฀ ฀c฀a฀n฀n฀o฀t฀ ฀b฀e฀ ฀e฀a฀s฀i฀l฀y฀ ฀b฀i฀a฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀r฀e฀s฀p o n d e n฀t  a฀n฀d฀ ฀a฀r฀e฀ 21 
฀a฀l฀s฀o฀ ฀m฀e฀a฀s฀u฀r฀e฀d฀ ฀o฀b฀j฀e฀c฀t฀i฀v฀e฀l฀y฀.฀  22 
 23 
฀2฀.฀2฀ ฀G฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀a฀n฀d฀ ฀m฀o฀d฀e฀l฀s 24 
฀D฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀m฀o฀d฀e฀l฀s฀ ฀p฀r฀i฀m฀a฀r฀i฀l฀y฀ ฀i฀n฀c฀l฀u฀d฀e฀ ฀c฀a฀r฀-฀f฀o฀l฀l฀o฀w฀i฀n฀g฀,฀ ฀l฀a฀n฀e฀-฀c฀h฀a n฀g฀e฀ ฀a฀n d  g a p -25 
฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀(฀T฀o฀l฀e฀d฀o฀,฀ ฀2฀0฀0฀7฀)฀.฀ ฀T฀h฀e฀ ฀l฀a฀t฀t฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀f฀o฀r฀e฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀c฀o฀n฀c฀e฀p฀t฀s฀ ฀f฀o฀c฀u฀s฀e฀s฀ ฀o฀n฀ ฀t฀w฀o฀ 26 
฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀a฀s฀p฀e฀c฀t฀s฀;฀ ฀t฀h฀e฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀t฀o฀ ฀c฀h฀a฀n฀g฀e฀ ฀l฀a฀n฀e฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀a฀t฀t฀e฀m฀p฀t฀ ฀o f฀ ฀a฀ ฀t฀u฀r฀n฀i฀n฀g฀ ฀o฀r฀ 27 
฀c฀r฀o฀s฀s฀i฀n฀g฀ ฀m฀a฀n฀o฀e฀u฀v฀r฀e฀ ฀a฀t฀ ฀a฀n฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀.฀ ฀I฀n฀ ฀t฀h฀e฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀,฀ ฀s฀e฀v฀e฀r฀a฀l฀ ฀m฀e฀t฀h฀o฀d฀o฀lo฀g฀i฀c฀a฀l฀ ฀a฀p฀p฀r฀o฀a฀c h e s  28 
฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀p฀r฀e฀d฀i฀c฀t฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀c฀r฀o฀s฀s฀i฀n฀g฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀s฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀s฀.฀ ฀T฀h฀i฀s฀ 29 
฀t฀y฀p฀e฀ ฀o฀f฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀i฀s฀ ฀o฀f฀ ฀p฀r฀i฀m฀e฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀c฀e฀ ฀w฀h฀e฀n฀ ฀s฀t฀u฀d฀y฀i฀n฀g฀ ฀i฀s฀s฀u฀e฀s฀ ฀s฀u฀c฀h฀ a s  30 
฀n฀e฀t฀w฀o฀r฀k฀ ฀c฀a฀p฀a฀c฀i฀t฀y฀,฀ ฀d฀e฀l฀a฀y฀s฀ ฀a฀n฀d฀ ฀r฀o฀a฀d฀ ฀s฀a฀f฀e฀t฀y฀ ฀(฀A฀s฀h฀t฀o฀n฀,฀ ฀1฀9฀7฀1฀;฀ ฀F฀i฀t฀z฀p฀a฀t฀r฀i฀c฀k฀,฀ ฀1฀9฀9฀1฀)฀.฀ T h e  m฀a฀j o฀r฀i t y  31 
฀o฀f฀ ฀t฀h฀e฀s฀e฀ ฀m฀e฀t฀h฀o฀d฀o฀l฀o฀g฀i฀e฀s฀ ฀a฀r฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀g฀a฀p฀ ฀c฀o฀n฀c฀e฀p฀t฀,฀ ฀w฀h฀i฀c฀h฀ ฀is฀ d฀e฀f i n e d  a s  t h e  32 
฀m฀i฀n฀i฀m฀u฀m฀ ฀t฀i฀m฀e฀ ฀g฀a฀p฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r฀i฀o฀r฀i฀t฀y฀ ฀s฀t฀r฀e฀a฀m฀ ฀w฀h฀i฀c฀h฀ ฀a฀ ฀d฀r฀i฀v฀e฀r฀ ฀m฀o฀v฀i฀n฀g฀ ฀o฀n฀ ฀t฀h฀e฀ m฀i฀n฀o฀r฀ ฀r฀o฀a฀d  i฀s฀ ฀w฀i฀l฀l i n g  33 
฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀r฀o฀s฀s฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀c฀o฀n฀f฀l฀i฀c฀t฀ ฀z฀o฀n฀e฀.฀ ฀A฀c฀c฀o฀r฀d฀i฀n฀g฀ ฀t฀o฀ ฀B฀r฀i฀l฀o฀n฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ( 1 9 9 9฀),  34 
฀t฀h฀e฀r฀e฀ ฀a฀r฀e฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀2฀0฀-฀3฀0฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀m฀e฀t฀h฀o฀d฀s฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀ce  d e c i s i o s .  ฀S฀o m e  o f  t h e  35 
฀m฀o฀s฀t฀ ฀c฀i฀t฀e฀d฀ ฀a฀r฀e฀ ฀t฀h฀e฀ ฀R฀a฀f฀f฀ ฀m฀e฀t฀h฀o฀d฀ ฀(฀R฀a฀f฀f฀ ฀a฀n฀d฀ ฀H฀a฀r฀t฀,฀ ฀1฀9฀5฀0฀)฀,฀ ฀t฀h฀e฀ ฀G฀r฀e฀e฀n฀s฀h฀i฀e฀l฀d฀s฀ ฀me t h o d  36 
฀(฀G฀r฀e฀e฀n฀s฀h฀i฀e฀l฀d฀s฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀1฀9฀4฀6฀)฀,฀ ฀t฀h฀e฀ ฀l฀a฀g฀ ฀m฀e฀t฀h฀o฀d฀ ฀(฀s฀e฀e฀ ฀B฀r฀i฀l฀o฀n฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀1฀9฀9฀9฀)฀,฀ ฀t฀h฀e฀ ฀l฀o฀gi t  m฀e฀t฀h฀o฀d  ฀(฀M a z e ,฀ 37 
฀1฀9฀8฀1฀)฀ ฀-฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀a฀ ฀m฀e฀t฀h฀o฀d฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀r฀a฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀c฀h฀o฀i฀c฀e฀ ฀m฀o฀d฀e฀l฀l฀i฀n฀g฀ ฀t฀e฀c฀h฀n฀i฀q฀u฀e฀s฀ ฀(฀s฀e฀e฀ ฀B฀e฀n฀-฀A k฀i v฀a  38 
฀a฀n฀d฀ ฀L฀e฀r฀m฀a฀n฀,฀ ฀1฀9฀8฀5฀)฀,฀ ฀t฀h฀e฀ ฀A฀s฀h฀w฀o฀r฀t฀h฀’฀s฀ ฀m฀e฀t฀h฀o฀d฀ ฀(฀A฀s฀h฀w฀o฀r฀t฀h฀,฀ ฀1฀9฀6฀9฀) a n d  t฀h฀e  m฀a฀x฀i m u฀m฀ 39 
฀l฀i฀k฀e฀l฀i฀h฀o฀o฀d฀ ฀m฀e฀t฀h฀o฀d฀ ฀(฀M฀i฀l฀l฀e฀r฀ ฀a฀n฀d฀ ฀P฀r฀e฀t฀t฀y฀,฀ ฀1฀9฀6฀8฀)฀.฀ ฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀l฀i฀m฀i฀t฀a฀t฀i฀o฀n฀s฀ ฀r฀e฀g฀a฀r฀d฀in g  s o m฀e฀ ฀o฀f฀ ฀t฀h฀e฀ 40 
฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀m฀e฀t฀h฀o฀d฀o฀l฀o฀g฀i฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀t฀e฀x฀t฀ ฀o฀f฀ ฀u฀n฀s฀i฀g฀n฀a฀l฀i฀s฀e฀d฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀ ฀ar e a s s u m฀p฀t฀i฀o฀n฀s฀ ฀o฀f฀ 41 
฀c฀o฀n฀s฀i฀s฀t฀e฀n฀c฀y฀ ฀a฀n฀d฀ ฀h฀o฀m฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀(฀B฀o฀t฀t฀o฀m฀ ฀a฀n฀d฀ ฀A฀s฀h฀w฀o฀r฀t฀h฀,฀ ฀1฀9฀7฀8฀;฀ ฀P฀o฀l฀l฀a฀t฀s฀c฀h฀e฀k฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀0฀2฀)฀.฀ ฀T฀h฀e฀ 42 
฀f฀o฀r฀m฀e฀r฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀a฀ ฀d฀r฀i฀v฀e฀r฀,฀ ฀i฀n฀ ฀a฀l฀l฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s฀,฀ ฀w฀o฀u฀l฀d฀ ฀h฀a฀v฀e฀ ฀a฀ s฀p฀e฀c฀i฀f฀i฀c฀ ฀c฀r฀i฀t฀i฀c฀a฀l  g฀a฀p฀ 43 
฀v฀a฀l฀u฀e฀ ฀tc฀ ฀a฀n฀d฀ ฀a฀c฀c฀e฀p฀t฀ ฀a฀l฀l฀ ฀g฀a฀p฀s฀ ฀w฀i฀t฀h฀ ฀a฀ ฀v฀a฀l฀u฀e฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀i฀s฀ ฀(฀a฀n฀d฀ ฀r฀e฀j฀e฀c฀t฀ ฀t฀h฀e฀ r฀e s฀t )฀.  B a s e฀d฀ o฀n฀ ฀t h฀i฀s฀ 44 
฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀,฀ ฀a฀ ฀d฀r฀i฀v฀e฀r฀ ฀w฀a฀i฀t฀i฀n฀g฀ ฀t฀o฀ ฀c฀r฀o฀s฀s฀ ฀a฀ ฀j฀u฀n฀c฀t฀i฀o฀n฀,฀ ฀c฀a฀n฀n฀o฀t฀ ฀r฀e฀j฀e฀c฀t฀ ฀a฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ g a฀p฀ a n฀d฀ ฀l฀a฀t e r  a c฀c฀e฀p฀t฀ 45 
฀a฀ ฀s฀h฀o฀r฀t฀e฀r฀ ฀o฀n฀e฀.฀ ฀T฀h฀e฀ ฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀c฀y฀ ฀i฀s฀ ฀n฀o฀t฀ ฀h฀o฀w฀e฀v฀e฀r฀ ฀a฀c฀c฀u฀r฀a฀t฀e฀ ฀s฀i฀n฀c฀e฀ e .฀g฀.฀ ฀r฀i฀s฀k฀ 46 
   
 
 
฀5 
 
 
฀t฀o฀l฀e฀r฀a฀n฀c฀e฀ ฀o฀f฀ ฀a฀n฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀m฀i฀g฀h฀t฀ ฀c฀h฀a฀n฀g฀e฀ ฀d฀u฀r฀i฀n฀g฀ ฀w฀a฀i฀t฀i฀n฀g฀ ฀t฀i฀m฀e฀ ฀l฀e฀a฀d฀i฀n฀g฀ t o a c c e p t a n c e  ฀o f  a  1 
฀s฀h฀o฀r฀t฀e฀r฀ ฀g฀a฀p฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀o฀n฀e฀s฀ ฀r฀e฀j฀e฀c฀t฀e฀d฀ ฀e฀a฀r฀l฀i฀e฀r฀ ฀(฀P฀o฀l฀l฀a฀t฀s฀c฀h฀e฀k฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀0฀2฀).  ฀M฀o฀r e o฀v฀e฀r฀,฀ t h฀e฀ 2 
฀v฀a฀r฀i฀o฀u฀s฀ ฀t฀c  v a l u e฀s฀ ฀o฀f฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀t฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀a฀r฀e฀ ฀t฀r฀e฀a฀t฀e฀d฀ ฀a฀s฀ ฀a฀ ฀r฀a฀n฀d฀o฀m฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀th a฀t฀ f o l l o w฀s฀ 3 
฀a฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ĳ฀(฀tc฀)  a n฀d฀ ฀c฀u฀m u l a t i฀v฀e฀ ฀d฀i฀s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ĭ฀(฀tc฀)  (฀B r i l o n  e t  a l . ,  1฀9฀9฀9฀)฀.฀ ฀S฀u฀b฀-4 
฀g฀r฀o฀u฀p฀s฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀a฀r฀e฀ ฀a฀s฀s฀u฀m฀e฀d฀ ฀t฀o฀ ฀f฀o฀l฀l฀o฀w฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀d฀e฀n฀s฀i฀t฀y฀ ฀a฀n฀d฀ ฀c฀u฀m฀u฀l฀a฀t฀i฀v฀e฀ d i s฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ 5 
฀f฀u฀n฀c฀t฀i฀o฀n฀s฀ ฀r฀e฀s฀u฀l฀t฀i฀n฀g฀ ฀w฀i฀t฀h฀i฀n฀-฀g฀r฀o฀u฀p฀ ฀h฀o฀m฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀ ฀p฀o฀p฀u฀l฀a฀t฀i฀o฀n฀.฀  6 
 7 
฀T฀h฀e฀ ฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀s฀ ฀o฀f฀ ฀h฀o฀m฀o฀g฀e฀n฀e฀i฀t฀y฀ ฀a฀n฀d฀ ฀c฀o฀n฀s฀i฀s฀t฀e฀n฀c฀y฀ ฀o฀f฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀m฀e฀th o d o l o g฀i e s r a i฀s฀e  8 
฀l฀i฀m฀i฀t฀a฀t฀i฀o฀n฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀s฀’฀ b฀e฀h a฀v฀i o฀u฀r฀ ฀s฀i฀n฀c฀e฀ ฀t฀h฀e฀y฀ ฀b฀o t฀h฀ i฀g฀n฀o฀r฀e฀ ฀t฀h฀e฀i฀r฀ 9 
฀s฀o฀p฀h฀i฀s฀t฀i฀c฀a฀t฀e฀d฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀-฀m฀a฀k฀i฀n฀g฀ ฀p฀r฀o฀c฀e฀s฀s฀.฀ ฀F฀o฀r฀ ฀i฀n฀s฀t฀a฀n฀c฀e฀,฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀g฀a฀p฀ ฀v฀a฀r฀i฀e฀s ฀a฀m o n g฀ a฀n฀d฀ w฀i฀t฀h฀i฀n฀ 10 
฀d฀r฀i฀v฀e฀r฀s฀,฀ ฀i฀n฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s฀,฀ ฀a฀n฀d฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀t฀r฀e฀a฀t฀e฀d฀ ฀a฀s฀ ฀a฀ ฀r฀a฀n฀d฀o฀m฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀(฀G฀u฀o฀ ฀e฀t฀ ฀a฀l฀.฀,฀ 2 0 1฀4)฀ 11 
฀T฀h฀e฀ ฀d฀r฀a฀w฀b฀a฀c฀k฀s฀ ฀i฀m฀p฀o฀s฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀s฀e฀ ฀a฀s฀s฀u฀m฀p฀t฀i฀o฀n฀s฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀r฀e฀l฀a฀x฀e฀d฀ ฀i฀n฀ ฀g฀a฀p฀-฀a฀c฀c฀ep t a n c e  m฀o฀d฀e l s  12 
฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀o฀n฀t฀e฀x฀t฀ ฀o฀f฀ ฀l฀a฀n฀e฀-฀c฀h฀a฀n฀g฀i฀n฀g฀,฀ ฀w฀h฀e฀r฀e฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀g฀a฀p฀s฀ ฀a฀r฀e฀ ฀a฀ss u m฀e฀d฀ ฀t฀o฀ ฀f฀o฀l฀l o w฀ 13 
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฀I฀n฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀ ฀s฀t฀u฀d฀y฀,฀ ฀t฀h฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀t฀a฀s฀k฀ ฀w฀a฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀t฀w฀i฀c฀e฀,฀ ฀a฀s฀ ฀a  p a r t  o f  ฀t฀h฀e฀ u r b a n฀ 40 
฀d฀r฀i฀v฀i฀n฀g฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀.฀ ฀D฀r฀i฀v฀e฀r฀s฀ ฀f฀a฀c฀e฀d฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀t฀a฀s฀k฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀t i m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀(฀g r e e n  41 
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฀e฀m฀o฀j฀i฀)฀ ฀f฀o฀l฀l฀o฀w฀e฀d฀ ฀b฀y฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀ ฀w฀i฀t฀h฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀(฀r฀e฀d฀ ฀e฀m฀o฀j฀i฀)฀.฀ ฀T฀h฀e  s c e n a r i o  i t฀s฀e l฀f฀ 1 
฀c฀o฀n฀s฀i฀s฀t฀e฀d฀ ฀o฀f฀ ฀t฀w฀o฀ ฀g฀r฀o฀u฀p฀s฀ ฀o฀f฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀.฀ ฀A฀t฀ ฀f฀i฀r฀s฀t฀,฀ ฀s฀i฀x฀ ฀b฀l฀o฀c฀k฀i฀n฀g฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀w฀e฀r฀e฀ ฀s฀h฀o฀w n  ฀t o฀ 2 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀,฀ ฀m฀o฀v฀i฀n฀g฀ ฀a฀t฀ ฀s฀h฀o฀r฀t฀ ฀h฀e฀a฀d฀w฀a฀y฀ ฀d฀i฀s฀t฀a฀n฀c฀e฀s฀.฀ ฀T฀h฀e฀s฀e฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀w฀e฀r฀e฀ ฀u฀s฀ed  ฀t฀o  f฀o r฀c฀e฀ ฀d฀r i฀v฀e฀r฀s฀ 3 
฀t฀o฀ ฀s฀t฀o฀p฀ ฀b฀e฀f฀o฀r฀e฀ ฀t฀h฀e฀ ฀m฀a฀i฀n฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀t฀a฀s฀k฀.฀ ฀T฀h฀i฀s฀ ฀f฀i฀r฀s฀t฀ ฀g฀r฀o฀u฀p฀ ฀o฀f฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ w a s  f o l฀l฀o฀w e d  b y฀ 4 
฀e฀l฀e฀v฀e฀n฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀t฀h฀a฀t฀ ฀c฀r฀e฀a฀t฀e฀d฀ ฀1฀0฀ ฀g฀a฀p฀s฀.฀ ฀T฀h฀e฀ ฀g฀a฀p฀s฀ ฀h฀a฀d฀ ฀a฀n฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀t฀r฀e฀n฀d i฀n฀ ฀g฀e฀n e฀r฀a฀l฀.฀ ฀T฀h฀e฀ 5 
฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀t฀r฀e฀n฀d฀ ฀o฀f฀ ฀g฀a฀p฀s฀ ฀w฀a฀s฀ ฀c฀h฀o฀s฀e฀n฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀s฀e฀c฀u฀r฀e฀ ฀t฀h฀a฀t฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀w฀o฀u฀l฀d฀ ฀n฀o฀t f a e  a  ฀l฀a฀r฀g฀e  6 
฀g฀a฀p฀ ฀a฀t t฀h฀e฀ ฀b฀e฀g฀i฀n฀n฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀ ฀a฀n฀d฀ ฀m฀i฀s฀s฀ ฀i฀n฀f฀o฀r฀m฀a฀t฀i฀o฀n฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀i฀r฀ ฀w฀i฀l฀l฀i฀n฀g฀n฀e฀s฀s฀ ฀t฀o฀ 7 
฀a฀c฀c฀e฀p฀t฀ ฀a฀ ฀s฀h฀o฀r฀t฀e฀r฀ ฀o฀n฀e฀.฀ ฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀o฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀r฀e฀a฀l฀i฀s฀m฀,฀ ฀s฀o฀m฀e฀ ฀s฀h฀o฀r฀t฀e฀r฀ ฀g฀a฀p฀s฀ ฀we r e  ฀a฀l s o  i n t r o d u c d฀ 8 
฀i฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀(฀a฀s฀ ฀3฀r฀d฀,  ฀5฀t฀h฀,  7฀t฀h฀ ฀a฀n฀d฀ ฀8฀t฀h฀ ฀g฀a฀p฀s฀)฀.฀ ฀T฀h฀e฀ ฀f฀u฀l฀l฀ ฀s฀e฀t฀ ฀o฀f฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀s฀ ฀w฀e฀r฀e฀ ฀i฀d฀e฀n฀t฀i฀c฀a฀l฀ ฀f฀o฀r฀ 9 
฀b฀o฀t฀h฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀ ฀a฀n฀d฀ ฀a฀c฀r฀o฀s฀s฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀.฀ ฀F฀o฀r฀ ฀e฀a฀c฀h฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀t฀a฀s฀k฀,฀ t h e  d r i฀v e r s  c o u l d  10 
฀c฀h฀o฀o฀s฀e฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀t฀h฀e฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀ ฀a฀n฀d฀ ฀c฀r฀o฀s฀s฀ ฀o฀r฀ ฀r฀e฀j฀e฀c฀t฀ ฀t฀h฀e฀ ฀i฀m฀m฀e฀d฀i฀a฀te  g฀a฀p฀ ฀a฀n฀d฀ ฀w฀a฀i฀t฀ ฀f฀o฀r฀ a฀ 11 
฀b฀e฀t฀t฀e฀r฀ ฀o฀n฀e฀ ฀o฀r฀ ฀e฀v฀e฀n฀ ฀r฀e฀j฀e฀c฀t฀ ฀t฀h฀e฀m฀ ฀a฀l฀l฀ ฀(฀i฀.฀e฀.฀ ฀w฀a฀i฀t฀ ฀t฀i฀l฀l฀ ฀a฀l฀l฀ ฀1฀1฀ ฀v฀e฀h฀i฀c฀l e฀s฀ h฀a฀d฀ ฀c฀r o฀s฀s฀e฀d฀)฀.฀ ฀T h e  ฀d r i v e฀r฀s,  12 
฀h฀o฀w฀e฀v฀e฀r฀,฀ ฀h฀a฀d฀ ฀n฀o฀ ฀a฀ ฀p฀r฀i฀o฀r฀i฀ ฀k฀n฀o฀w฀l฀e฀d฀g฀e฀ ฀r฀e฀g฀a฀r฀d฀i฀n฀g฀ ฀t฀h฀e฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀t฀h฀e฀ ฀o฀n฀c฀o฀m฀i฀n฀g฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀o฀r฀ ฀t฀h฀e฀ 13 
฀w฀a฀i฀t฀i฀n฀g฀ ฀t฀i฀m฀e฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀s฀a฀k฀e฀ ฀o฀f฀ ฀s฀i฀m฀p฀l฀i฀c฀i฀t฀y฀,฀ ฀i฀t฀ ฀w฀a฀s฀ ฀d฀e฀c฀i฀d฀e฀d฀ ฀to  c o n฀s฀t r a i n  t h e g a p -14 
฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀ ฀b฀y฀ ฀d฀e฀v฀e฀l฀o฀p฀i฀n฀g฀ ฀a฀ ฀c฀a฀s฀e฀ ฀w฀h฀e฀r฀e฀ ฀c฀a฀r฀s฀ ฀w฀e฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀o฀n฀l฀y฀ ฀c฀o฀m฀i฀n฀g฀ ฀f฀r฀o฀m  ฀t฀h฀e฀ 15 
฀l฀e฀f฀t฀ ฀s฀i฀d฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀.฀ ฀ ฀I฀t฀ ฀m฀a฀y฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀w฀a฀s฀ ฀a฀l฀w a y s  ฀a฀p฀p l฀i฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ 16 
฀s฀e฀c฀o฀n฀d฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀a฀l฀b฀e฀i฀t฀ ฀t฀h฀e฀ ฀f฀a฀c฀t฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀r฀e฀ ฀m฀i฀g฀h฀t฀ ฀b฀e฀ ฀c฀o฀n฀f฀o฀u฀n฀d฀i฀n฀g฀ ฀w฀i฀th  l e a r n i n g1  ฀ ฀ ฀n฀d฀ 17 
฀f฀a฀t฀i฀g฀u฀e฀ ฀e฀f฀f฀e฀c฀t฀s฀.฀ ฀T฀h฀e฀ ฀m฀a฀i฀n฀ ฀r฀e฀a฀s฀o฀n฀ ฀f฀o฀r฀ ฀t฀h฀i฀s฀ ฀d฀e฀s฀i฀g฀n฀ ฀w฀a฀s฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀t฀o฀ ฀d฀r฀i฀v฀e฀r฀s฀’  p฀h y s i o l o g y ,  s i n c e  w e฀ 18 
฀a฀i฀m฀e฀d฀ ฀t฀o฀ ฀m฀i฀n฀i฀m฀i฀s฀e฀ ฀t฀h฀e฀ ฀r฀i฀s฀k฀ ฀o฀f฀ ฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀t฀h฀e฀i฀r฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀a฀t฀ ฀t฀h฀e฀ ฀b฀e฀g฀i฀n฀n฀i n g o f  t฀h e  ฀d r฀i฀v฀i฀n฀g  ฀t฀a s k  19 
฀b฀y฀ ฀i฀n฀d฀u฀c฀i฀n฀g฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀o฀r฀s฀ ฀(฀e฀.฀g฀.฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀)฀ ฀t฀h฀a฀t฀ ฀w฀o฀u฀l฀d฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀l฀y฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e  a n d  20 
฀p฀r฀e฀v฀e฀n฀t฀ ฀t฀h฀e฀m฀ ฀f฀r฀o฀m฀ ฀r฀e฀t฀u฀r฀n฀i฀n฀g฀ ฀t฀o฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀l฀i฀n฀e฀ ฀l฀e฀v฀e฀l฀s฀.฀ ฀A฀l฀s฀o฀,฀ ฀i฀t฀ ฀w฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀o฀r฀e฀ r e a l i s i c  f฀o฀r฀ ฀t฀h฀e฀ 21 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀t฀o฀ ฀r฀e฀c฀e฀i฀v฀e฀ ฀a฀ ฀r฀e฀d฀ ฀f฀a฀c฀e฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀o฀n฀ ฀c฀l฀o฀s฀e฀r฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀n฀d฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀iv i n g฀ t a s k , r a t h e r  t h a n  22 
฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀p฀a฀r฀t฀.฀ ฀A฀ ฀g฀e฀n฀e฀r฀a฀l฀ ฀o฀u฀t฀l฀i฀n฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀s฀c฀e฀n฀a฀r i o  s t t i n g  i s  i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ 23 
฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀3฀,฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀g฀a฀p฀ ฀s฀i฀z฀e฀s฀ ฀a฀r฀e฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀1฀.฀  24 
 25 
 26 
Figure 3: Illustration of the intersection 27 
 28 
7DEOH฀T฀h฀e฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀s฀ ฀a฀n฀d฀ ฀g฀a฀p฀s฀’฀ s฀i฀z฀e s 29 
Gap ID 1 2 3 4 5 6 7 8 9 10 
Gap size (s) 2.8 3.45 3.4 4.4 4 5.4 5 4.7 6 6.8 
                                                     
1฀ ฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀s฀ ฀o฀c฀c฀u฀r฀r฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀t฀i฀m฀e฀ ฀g฀a฀p฀ ฀o฀f฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀1฀5฀ ฀m i n u t e฀s  i n  ฀b฀e t฀w฀e฀e฀n฀ ฀w฀h฀e฀r฀e฀ 
฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀h฀a฀d฀ ฀t฀o฀ ฀t฀a฀c฀k฀l฀e฀ ฀o฀t฀h฀e฀r฀ ฀d฀i฀f฀f฀i฀c฀u฀l฀t฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀s,฀ ฀t฀h฀e฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀ ฀e฀f฀f฀e฀c t฀ ฀i฀s฀ ฀n฀o t  ฀e฀x p e c t฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀an t . 
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฀3฀.฀3฀.฀ ฀E฀x฀p฀l฀o฀r฀a฀t฀o฀r฀y฀ ฀a฀n฀a฀l฀y฀s฀i฀s 1 
 2 
฀3฀.฀3฀.฀1฀ ฀S฀a฀m฀p฀l฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s 3 
฀T฀h฀e฀ ฀s฀a฀m฀p฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀c฀o฀n฀s฀i฀s฀t฀s฀ ฀o฀f฀ ฀4฀1฀ ฀(฀2฀2฀ ฀m฀a฀l฀e฀,฀ ฀1฀9฀ ฀f฀e฀m฀a฀l฀e฀)฀ ฀s฀t฀a฀f฀f฀ ฀m฀e฀m b e r  o r  4 
฀s฀t฀u฀d฀e฀n฀t฀s฀ ฀a฀t฀ ฀t฀h฀e฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ ฀L฀e฀e฀d฀s฀,฀ ฀h฀o฀l฀d฀i฀n฀g฀ ฀a฀ ฀v฀a฀l฀i฀d฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀l฀i฀c฀e฀n฀c฀e฀,฀ ฀t฀h฀a฀t฀ s u c c e s s f u l l y  5 
฀c฀o฀m฀p฀l฀e฀t฀e฀d฀ ฀t฀h฀e฀ ฀u฀r฀b฀a฀n฀ ฀t฀a฀s฀k฀.฀ ฀T฀h฀r฀e฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀w฀e฀r฀e฀ ฀r฀e฀m฀o฀v฀e฀d฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀si฀s฀,฀ ฀s฀i n฀c e  t h฀e฀y฀ 6 
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀m฀o฀t฀i฀o฀n฀ ฀s฀i฀c฀k฀n฀e฀s฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀p฀r฀a฀c฀t฀i฀c฀e฀ ฀s฀e฀s฀s฀i฀o฀n฀ ฀w฀h฀i฀l฀e฀ ฀a฀l฀s฀o฀ ฀a฀n฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀al฀ ฀p a r฀t฀i฀c฀i฀p฀a฀n฀t฀ 7 
฀w฀a฀s฀ ฀r฀e฀m฀o฀v฀e฀d฀ ฀b฀e฀c฀a฀u฀s฀e฀ ฀t฀h฀e฀ ฀w฀r฀i฀s฀t฀b฀a฀n฀d฀ ฀d฀e฀v฀i฀c฀e฀ ฀f฀a฀i฀l฀e฀d฀ ฀t฀o฀ ฀c฀o฀l฀l฀e฀c฀t฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀gi c฀a l  ฀d a t฀a฀.฀ ฀T฀h฀e฀ ฀m e a n  8 
฀a฀g฀e฀ ฀o฀f฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀i฀s฀ ฀a฀p฀p฀r฀o฀x฀i฀m฀a฀t฀e฀l฀y฀ ฀3฀4฀ ฀y฀e฀a฀r฀s฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ d e v i฀a฀t฀i฀o฀n฀ ฀i฀s฀ 9 
฀1฀1฀ ฀y฀e฀a฀r฀s฀.฀ ฀A฀l฀m฀o฀s฀t฀ ฀h฀a฀l฀f฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀s฀t฀a฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀y฀ ฀a฀r฀e฀ ฀d฀r฀i฀v฀i฀n฀g  ฀o n  a  ฀d a i l y  b a i .  ฀T h e10 
฀a฀v฀e฀r฀a฀g฀e฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀e฀x฀p฀e฀r฀i฀e฀n฀c฀e฀ ฀o฀f฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀i฀s฀ ฀a฀l฀m฀o฀s฀t฀ ฀1฀4฀ ฀y฀e฀a฀r฀s฀.฀ ฀R฀e฀g฀a฀r฀d฀i฀n฀g฀ ฀a฀c฀c i d e n฀t฀ 11 
฀i฀n฀v฀o฀l฀v฀e฀m฀e฀n฀t฀,฀ ฀6฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀h฀a฀v฀e฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀i฀n฀v฀o฀l฀v฀e฀m฀e฀n฀t฀ ฀i฀n฀ ฀m฀i฀n฀o฀r฀ ฀a฀c฀c฀i฀d฀e฀n฀t฀s฀ ฀w฀h฀i฀l฀e฀ ฀4฀ h฀a฀v฀e฀ 12 
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀i฀n฀v฀o฀l฀v฀e฀m฀e฀n฀t฀ ฀i฀n฀ ฀s฀e฀r฀i฀o฀u฀s฀ ฀a฀c฀c฀i฀d฀e฀n฀t฀s฀.฀ ฀I฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀a฀ ฀s฀er i o u s  ( o r  ฀m a j o r )  13 
฀a฀c฀c฀i฀d฀e฀n฀t฀ ฀i฀s฀ ฀d฀e฀f฀i฀n฀e฀d฀ ฀a฀s฀ ฀o฀n฀e฀ ฀w฀h฀e฀r฀e฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀o฀n฀e฀ ฀p฀e฀r฀s฀o฀n฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀ ฀m฀e฀d฀i฀c฀a฀l฀ ฀tr฀e฀a t฀m฀e฀n t฀ ฀a฀n d / o฀r  h฀e r14 
฀w฀a฀s฀ ฀p฀r฀o฀p฀e฀r฀t฀y฀ ฀d฀a฀m฀a฀g฀e฀ ฀a฀b฀o฀v฀e฀ ฀£฀5฀0฀0฀.฀ ฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀7฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀s฀t฀a฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀y฀ h a d  a t฀ ฀l฀e฀a฀s฀t฀ ฀o฀n฀c e  15 
฀r฀e฀c฀e฀i฀v฀e฀d฀ ฀a฀ ฀t฀i฀c฀k฀e฀t฀ ฀p฀e฀n฀a฀l฀t฀y฀ ฀f฀o฀r฀ ฀s฀p฀e฀e฀d฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀.฀ ฀T฀h฀e฀ ฀d฀e฀s฀c฀r฀i฀p฀t฀i฀v฀e฀ ฀sa t i s t฀i฀c s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀a฀m฀p฀l฀e฀ 16 
฀a฀r฀e฀ ฀a฀l฀s฀o฀ ฀o฀u฀t฀l฀i฀n฀e฀d฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀2฀. 17 
 18 
7DEOH฀D฀e฀s฀c฀r฀i฀p฀t฀i฀v฀e฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀a฀m฀p฀l฀e19 
Variable Intervals Frequency % mean std. dev. min max 
Gender Female 19 ฀0฀.฀4฀6 - - - - Male 22 ฀0฀.฀5฀4 - - - - 
Age - - ฀- 34.39 10.86 19 57 
Driving experience - - ฀- 13.63 11.48 1 39 
Frequency of driving 
Everyday 21 ฀0฀.฀5฀1 - - - - 
2-3 times/week 12 ฀0฀.฀2฀9 - - - - 
Once/ week 4 ฀0฀.฀1฀0 - - - - 
Less often 4 ฀0฀.฀1฀0 - - - - 
Minor accident involvement No 35 ฀0฀.฀8฀5 - - - - Yes 6 ฀0฀.฀1฀5 - - - - 
Major accident involvement No 37 ฀0฀.฀9฀0 - - - - Yes 4 ฀0฀.฀1฀0 - - - - 
Ticket for speeding No 34 ฀0฀.฀8฀3 - - - - Yes 7 ฀0฀.฀1฀7 - - - - 
 20 
฀3฀.฀3฀.฀2฀ ฀G฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀t฀a฀s฀k฀ ฀a฀n฀a฀l฀y฀s฀i฀s 21 
฀B฀e฀f฀o฀r฀e฀ ฀t฀h฀e฀ ฀d฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀,฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀’  ฀g฀a฀p฀-฀a฀c฀c฀e฀p t฀a฀n฀c฀e฀ ฀b฀e฀h฀a v i฀o u r  h a s  b e฀e฀n฀ 22 
฀e฀x฀a฀m฀i฀n฀e฀d฀ ฀w฀i฀t฀h฀ ฀r฀e฀s฀p฀e฀c฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀o฀f฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀.฀ ฀T฀a฀b฀l฀e฀ ฀3฀ ฀p฀r฀e฀s฀e฀n฀t฀s t h e  a c c p e d฀ g฀a฀p฀s฀ 23 
฀o฀f฀ ฀e฀a฀c฀h฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀,฀ ฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀r฀e฀s฀p฀e฀c฀t฀i฀v฀e฀ ฀s฀i฀z฀e฀ ฀(฀a฀ ฀v฀a฀l฀u฀e฀ ฀n฀/฀a฀ ฀i฀s฀ ฀g฀i฀v฀e฀n฀ ฀i฀f฀ ฀n฀o฀ ฀g฀a฀p฀ ฀i฀s฀ ฀a฀c฀c฀e฀p฀t฀e d ) .  ฀A  24 
฀s฀i฀m฀i฀l฀a฀r฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀i฀o฀n฀ ฀i฀s฀ ฀a฀l฀s฀o฀ ฀p฀r฀o฀v฀i฀d฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀4฀.฀ ฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀t฀h฀a฀t ฀1 2  u t  ฀o฀f฀ ฀4 1  25 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀d฀i฀d฀ ฀n฀o฀t฀ ฀a฀c฀c฀e฀p฀t฀ ฀a฀n฀y฀ ฀o฀f฀ ฀t฀h฀e฀ ฀g฀a฀p฀s฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀m฀ ฀(฀i฀.฀e฀.฀ ฀w฀a฀i฀td  f o r  ฀a l฀l฀ ฀v e฀h i c l฀e฀s฀ ฀t฀o฀ 26 
฀p฀a฀s฀s฀)฀,฀ ฀i฀n฀ ฀b฀o฀t฀h฀ ฀c฀a฀s฀e฀s฀.฀ ฀O฀n฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀h฀a฀n฀d฀,฀ ฀s฀i฀x฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀a฀ ฀g฀a฀p฀ ฀o฀n฀l฀y ฀u฀n d e r  ฀t฀h e  ฀t฀i฀m e  27 
฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀w฀h฀i฀l฀e฀ ฀t฀h฀e฀y฀ ฀h฀a฀d฀ ฀n฀o฀t฀ ฀d฀o฀n฀e฀ ฀s฀o฀ w฀i t h o u t  t i m฀e฀ p฀r e s s u r e .  T h ฀r฀e฀m฀a฀i฀n฀i฀n฀g฀ ฀2฀3฀ 28 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀a฀ ฀g฀a฀p฀ ฀a฀t฀ ฀b฀o฀t฀h฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀.฀ ฀T฀h฀e฀ ฀l฀a฀t฀t฀e฀r฀ ฀g฀r฀o฀u฀p฀ ฀o฀f฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀a฀l฀w฀a฀y s  29 
฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀g฀a฀p฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀e฀c฀o฀n฀d฀ ฀r฀u฀n฀ ฀o฀r฀ ฀a฀ ฀g฀a฀p฀ ฀t฀h฀a฀t฀ ฀w฀a฀s฀ ฀s฀h฀o฀w฀n฀ ฀e฀a฀r฀l฀i฀er ,  ฀c฀o m฀p฀a฀r e d  t o  t h e30 
฀o฀n฀e฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀t฀h฀e฀ ฀e฀x฀t฀e฀r฀n฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀o฀r฀.฀ ฀T฀o฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀ ฀t฀h฀i฀s฀ ฀o฀u฀t฀c฀o฀m e ,  a  p a i r e d  31 
฀s฀a฀m฀p฀l฀e฀s฀ ฀t฀-฀t฀e฀s฀t฀ ฀i฀s฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀t฀o฀ ฀c฀o฀m฀p฀a฀r฀e฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀c฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀if f฀e฀r e฀n฀c฀e฀ ฀o฀f  t฀h e  a c c e p t e d  g฀a฀p฀ 32 
฀s฀i฀z฀e฀s฀ ฀a฀t฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀.฀ ฀G฀i฀v฀e฀n฀ ฀t฀h฀e฀ ฀s฀m฀a฀l฀l฀ ฀s฀a฀m฀p฀l฀e฀ ฀s฀i฀z฀e฀,฀ ฀t฀h฀i฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀a฀l฀s฀o฀  33 
   
 
 
฀1฀0 
 
 
7DEOH฀A฀c฀c฀e฀p฀t฀e฀d฀ ฀g฀a฀p฀(฀s฀)฀ ฀o฀f฀ ฀e฀a฀c฀h฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀ ฀a฀t฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s 
 
ID 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
First 
intersection 
(without 
time 
pressure) 
Gap 
ID 8 9 11 11 5 11 11 6 6 9 6 9 11 11 5 5 11 11 6 6 9 
Gap 
size 
(s) 
4.7 6 n/a n/a 4 n/a n/a 5.4 5.4 6 5.4 6 n/a n/a 4 4 n/a n/a 5.4 5.4 6 
Second 
intersection 
(under time 
pressure) 
Gap 
ID 1 5 9 11 4 11 11 4 6 9 4 6 11 7 1 1 11 11 4 4 9 
Gap 
size 
(s) 
2.8 4 6 n/a 4.4 n/a n/a 4.4 5.4 6 4.4 5.4 n/a 5 2.8 2.8 n/a n/a 4.4 4.4 6 
                       
ID 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41  
First 
intersection 
(without 
time 
pressure) 
Gap 
ID 8 6 11 6 11 6 11 11 11 8 9 11 5 9 9 11 11 11 5 11 
 
Gap 
size 
(s) 
4.7 5.4 n/a 5.4 n/a 5.4 n/a n/a n/a 4.7 6 n/a 4 6 6 n/a n/a n/a 4 n/a  
Second 
intersection 
(under time 
pressure) 
Gap 
ID 4 3 11 6 6 6 11 11 11 4 9 11 4 5 6 9 9 11 4 6 
 
Gap 
size 
(s) 
4.4 3.4 n/a 5.4 5.4 5.4 n/a n/a n/a 4.4 6 n/a 4.4 4 5.4 6 6 n/a 4.4 5.4  
   
 
 
฀1฀1 
 
 
 1 
 2 )LJXUH฀A฀c฀c฀e฀p฀t฀e฀d฀ ฀g฀a฀p฀s฀ ฀a฀n฀d฀ ฀s฀i฀z฀e฀s฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀a฀n฀d฀ ฀w฀i฀t฀h฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e 3 
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฀1฀2 
 
 
฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀n฀o฀n฀-฀p฀a฀r฀a฀m฀e฀t฀r฀i฀c฀ ฀W฀i฀l฀c฀o฀x฀o฀n฀ ฀t฀e฀s฀t฀ ฀(฀D฀e฀ ฀W฀i฀n฀t฀e฀r฀ ฀2฀0฀1฀3฀)฀.฀ ฀T฀h฀e฀ ฀r฀e฀s฀u฀l t s  ( T a b l e  1 
฀4฀)฀ ฀s฀h฀o฀w฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀m฀e฀a฀n฀ ฀s฀i฀z฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀g฀a฀p฀s฀ ฀i฀s฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀a฀t฀ ฀th e  s c n฀d฀ ฀i฀n฀t฀e฀r s e c t i o n ,  a n d  2 
฀t฀h฀i฀s฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀ ฀i฀s฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀.฀ ฀A฀s฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ d฀a฀t฀a฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀o฀n฀ ฀s฀e฀c฀t฀i฀o฀n ,฀ ฀s฀i฀n฀c฀e฀ 3 
฀t฀h฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀f฀a฀c฀e฀d฀ ฀a฀ ฀s฀e฀r฀i฀e฀s฀ ฀o฀f฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀a฀l฀ ฀t฀a฀s฀k฀s฀ ฀i฀n฀v฀o฀l฀v฀i฀n฀g฀ ฀a฀t฀ ฀l฀e฀a฀s฀t฀ ฀1฀5฀m n  o f  d r i v i n g  i n  4 
฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀,฀ ฀t฀h฀e฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀ ฀e฀f฀f฀e฀c฀t฀ ฀i฀s฀ ฀n฀o฀t฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀b฀e฀ ฀a฀ ฀m฀a j฀o r  ฀i฀n f฀l฀u฀e฀n c i฀n g  5 
฀f฀a฀c฀t฀o฀r฀ ฀b฀e฀h฀i฀n฀d฀ ฀t฀h฀e฀s฀e฀ ฀c฀h฀o฀i฀c฀e฀s฀.฀ ฀W฀e฀,฀ ฀t฀h฀e฀r฀e฀f฀o฀r฀e฀,฀ ฀c฀o฀n฀c฀l฀u฀d฀e฀ ฀t฀h฀a฀t฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e h฀a฀d฀ a  ฀m฀a฀j฀o฀r฀ 6 
฀i฀n฀f฀l฀u฀e฀n฀c฀e฀ ฀o฀n฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀o฀f฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀g฀a฀p฀s฀ ฀w฀h฀i฀c฀h฀ ฀w฀e฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀t฀e฀s฀t฀ ฀e฀m฀p฀i฀r฀i฀ca฀l l y฀ i฀n  ฀S c t i o n  5 .฀ ฀T฀h e฀ 7 
฀m฀e฀a฀n฀ ฀v฀a฀l฀u฀e฀s฀ ฀i฀n฀ ฀T฀a฀b฀l฀e฀ ฀4฀ ฀a฀r฀e฀ ฀s฀m฀a฀l฀l฀e฀r฀ ฀t฀h฀a฀n฀ ฀s฀o฀m฀e฀ ฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀i฀n฀g ฀l฀i฀t฀e฀r฀a฀t u฀r฀e฀ ฀(฀e฀.฀g฀.  B฀o฀t t o m฀ 8 
฀&฀ ฀A฀s฀h฀w฀o฀r฀t฀h฀,฀ ฀1฀9฀7฀8฀;฀ ฀F฀i฀t฀z฀p฀a฀t฀r฀i฀c฀k฀,฀ ฀1฀9฀9฀1฀)฀ ฀h฀o฀w฀e฀v฀e฀r฀,฀ ฀t฀h฀e฀y฀ ฀a฀r฀e฀ ฀v฀e฀r฀y฀ ฀c฀l฀o฀s฀e฀ ฀t฀o฀ ฀t฀h฀e฀ ฀m฀e฀d฀i฀an  v฀a฀l u e s  9 
฀r฀e฀p฀o฀r฀t฀e฀d฀ ฀b฀y฀ ฀A฀s฀h฀t฀o฀n฀ ฀(฀1฀9฀7฀1฀)฀ ฀a฀n฀d฀ ฀A฀m฀i฀n฀ ฀a฀n฀d฀ ฀M฀a฀u฀r฀y฀a฀ ฀(฀2฀0฀1฀5฀)฀.฀ ฀I฀t฀ ฀m฀a฀y฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀g฀i฀v฀e฀n฀ ฀th฀e  10 
฀s฀i฀m฀u฀l฀a฀t฀e฀d฀ ฀n฀a฀t฀u฀r฀e฀ ฀o฀f฀ ฀o฀u฀r฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀s฀c฀o฀p฀e฀ ฀t฀o฀ ฀s฀h฀o฀w฀ ฀a฀ ฀l฀i฀m฀i฀t฀e฀d฀ ฀n฀u฀m฀b฀e฀r฀ ฀o฀f฀ ฀g฀ap s฀ t฀o  ฀e฀a c h  11 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀,฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀e฀d฀ ฀g฀a฀p฀s฀ ฀w฀e฀r฀e฀ ฀o฀n฀ ฀t฀h฀e฀ ฀s฀h฀o฀r฀t฀e฀r฀ ฀r฀a฀n฀g฀e฀ ฀o฀n฀ ฀p฀u฀r฀p฀o฀s฀e฀.฀ ฀O฀t฀h฀e฀r฀w฀i฀s฀e฀,฀ ฀t฀h  12 
฀w฀o฀u฀l฀d฀ ฀h฀a฀v฀e฀ ฀b฀e฀e฀n฀ ฀r฀i฀s฀k฀ ฀o฀f฀ ฀m฀i฀s฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀m฀i฀n฀i฀m฀u฀m฀ ฀a฀c฀c฀e฀p฀t฀a฀b฀l฀e฀ ฀g฀a฀p฀.฀  13 
 14 
7DEOH฀ ฀R฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀a฀i฀r฀e฀d฀ ฀s฀a฀m฀p฀l฀e฀s฀ ฀t฀-฀t฀e฀s฀t฀ ฀a฀n฀d฀ ฀W฀i฀l฀c฀o฀x฀o฀n฀ ฀t฀e฀s฀t 15 
Descriptives Paired samples t-test 
 Mean SD SE 
T df P Mean Difference 
SE 
Difference 
95% CI for Mean 
Difference 
First intersection 
(no time pressure) 5.191 0.768 0.16 Lower Upper 
Second intersection 
(under time 
pressure) 
4.558 0.978 0.204 3.752 22 0.001 0.633 0.169 0.283 0.983 
Wilcoxon test p-value: 0.002 
 16 
฀F฀u฀r฀t฀h฀e฀r฀m฀o฀r฀e฀,฀ ฀w฀i฀t฀h฀ ฀r฀e฀f฀e฀r฀e฀n฀c฀e฀ ฀t฀o฀ ฀T฀a฀b฀l฀e฀ ฀3฀,฀ ฀u฀n฀d฀e฀r฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀,฀ t h r e e  o f  t฀h e  17 
฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀g฀a฀p฀ ฀t฀h฀e฀y฀ ฀f฀a฀c฀e฀d฀.฀ ฀T฀h฀e฀s฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀d฀i฀d฀ ฀n฀o฀t฀ a c t u฀a฀l฀l฀y฀ ฀b฀e฀h฀a฀v฀e฀ ฀a฀s฀ 18 
฀e฀x฀p฀e฀c฀t฀e฀d฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀a฀s฀k฀ ฀(฀s฀t฀o฀p฀ ฀a฀t฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀w฀a฀i฀t฀ ฀f฀o฀r฀ ฀a฀ ฀g฀a฀p฀,฀ ฀o฀r฀ ฀n฀o฀t฀,฀ ฀t฀o฀ ฀c฀r฀o฀s฀s฀)฀ ฀b฀ut  19 
฀d฀r฀o฀v฀e฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀t฀h฀e฀ ฀s฀t฀r฀e฀a฀m฀i฀n฀g฀ ฀o฀f฀ ฀o฀n฀c฀o฀m฀i฀n฀g฀ ฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀s฀t฀o฀p฀p฀i฀n฀g฀.฀ ฀T฀h฀i฀s฀ ฀i฀n฀d i฀c฀a฀t฀e฀s฀ ฀t฀h a t  20 
฀e฀x฀t฀e฀r฀n฀a฀l฀ ฀s฀t฀r฀e฀s฀s฀o฀r฀s฀ ฀c฀o฀u฀l฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀r฀i฀s฀k฀-฀t฀a฀k฀i฀n฀g฀ ฀–฀ ฀h฀o฀w฀e฀v฀e฀r฀,฀ ฀s฀u฀c฀h฀ ฀e฀x฀t฀r฀e฀m฀e฀ ฀b฀e฀h a v i o u  m฀a฀y฀ ฀n฀o฀t฀ 21 
฀b฀e฀ ฀f฀r฀e฀q฀u฀e฀n฀t฀l฀y฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀r฀e฀a฀l฀ ฀l฀i฀f฀e฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀i฀t฀ ฀i฀s฀ ฀w฀o฀r฀t฀h฀ ฀m฀e฀n฀t฀i฀o฀n฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀t฀h฀e 1 0฀t฀h฀ ฀g฀a฀p  w a s฀ 22 
฀n฀e฀v฀e฀r฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀,฀ ฀a฀l฀t฀h฀o฀u฀g฀h฀ ฀i฀t฀ ฀i฀s฀ ฀t฀h฀e฀ ฀l฀a฀r฀g฀e฀s฀t฀ o n฀e฀ i n  t e r m s  o f  ฀h฀e a d w฀a฀y฀ 23 
฀s฀i฀z฀e฀.฀ ฀T฀h฀i฀s฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀m฀a฀y฀b฀e฀ ฀s฀h฀o฀w฀s฀ ฀a฀n฀t฀i฀c฀i฀p฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀i฀n฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀an c  b e h a฀v i o u r ;  ฀d r i฀v e r s฀ 24 
฀t฀h฀a฀t฀ ฀w฀a฀i฀t฀ ฀u฀n฀t฀i฀l฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀ ฀a฀l฀s฀o฀ ฀p฀r฀e฀f฀e฀r฀ ฀t฀o฀ ฀w฀a฀i฀t฀ ฀t฀h฀e฀ ฀ad d i t i o n a l  t i m e฀ n e e d฀ u฀n฀t฀i l  b i n฀g฀ 25 
฀a฀b฀l฀e฀ ฀t฀o฀ ฀c฀r฀o฀s฀s฀ ฀w฀h฀e฀n฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀i฀s฀ ฀c฀l฀e฀a฀r฀ ฀r฀a฀t฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀e฀n฀g฀a฀g฀i฀n฀g i n  ฀c฀r฀o฀s฀s฀i฀n฀g฀ ฀u฀n฀d฀e฀r  ฀t฀h฀e  26 
฀p฀r฀e฀s฀e฀n฀c฀e฀ ฀o฀f฀ ฀o฀n฀c฀o฀m฀i฀n฀g฀ ฀t฀r฀a฀f฀f฀i฀c฀.฀ ฀A฀s฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀a฀b฀o฀v฀e฀,฀ ฀a฀l฀m฀o฀s฀t฀ ฀o฀n฀e฀-฀t฀h฀i฀r฀d฀ ฀o฀f฀ ฀p฀a฀r฀t฀i฀c฀ip฀a฀n฀t฀s฀ f o l l฀o w  27 
฀t฀h฀i฀s฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀,฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀b฀e฀i฀n฀g฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀e฀c฀o฀n฀d฀ ฀t฀a฀s฀k฀. 28 
 29 
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 31 
฀4฀.฀1฀ ฀T฀h฀e฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l 32 
฀T฀h฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀p฀a฀p฀e฀r฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀f฀o฀r฀m฀u฀l฀a฀t฀e฀d฀ ฀a฀s฀ ฀a฀ ฀b฀i฀n฀a฀r฀y฀ ฀c฀h฀o฀i฀c฀e฀ 33 
฀m฀o฀d฀e฀l฀,฀ ฀w฀h฀e฀r฀e฀ ฀e฀a฀c฀h฀ ฀g฀a฀p฀ ฀i฀s฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀a฀s฀ ฀a฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀a฀c฀c฀e฀p฀t฀/฀r฀e฀j฀e฀c฀t฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀.฀ ฀T฀h฀i฀s฀ a฀p฀p฀r฀o฀a฀c฀h฀ ฀i฀s฀ 34 
฀a฀ ฀m฀o฀d฀i฀f฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀L฀o฀g฀i฀t฀ ฀m฀e฀t฀h฀o฀d฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀l฀i฀t฀e฀r฀a฀t฀u฀r฀e฀ ฀s฀e฀c฀t฀i฀o฀n฀.฀ ฀T฀h฀e฀ ฀m฀o฀d e l฀ ฀a฀s฀s฀u฀m฀e s฀ 35 
฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ ฀a฀ ฀g฀a฀p฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀in  t h  ฀u t i฀l฀i฀t฀y฀.฀ ฀ T h฀e฀ ฀u฀t฀i l i t y  36 
฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀a฀ ฀p฀a฀r฀t฀i฀c฀u฀l฀a฀r฀ ฀g฀a฀p฀ ฀i฀s฀ ฀a฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀t฀t฀r฀i฀b฀u฀t฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ g a p  ( e . g .฀ ฀g a p  s i z e ,฀ ฀o r฀d฀e r฀,฀ 37 
฀e฀t฀c฀.฀)฀,฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀ ฀(฀e฀.฀g฀.฀ ฀s฀o฀c฀i฀o฀-฀d฀e฀m฀o฀g฀r฀a฀p฀h฀i฀c฀s฀)฀ ฀a฀n฀d฀ ฀th e i r  s t a t฀e.฀T฀h฀e  ฀u t i฀l฀i฀t฀y฀ ܷ௡௧  38 
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฀a฀s฀s฀o฀c฀i฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀ ฀o฀f฀ ฀a฀ ฀d฀r฀i฀v฀e฀r฀ Q฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀/฀r฀e฀j฀e฀c฀t฀ ฀a฀ ฀g฀a฀p฀ W  ฀c a n  t h e r e f o r e  b฀e฀ ฀e฀x฀p฀r฀e฀s฀s฀e฀d฀ 1 
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7DEOH฀G฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l฀s฀’฀ a r a m฀e฀t฀e r  ฀e฀s t฀i฀m฀a฀t฀e฀s1 
Variable 
Traffic related 
variables only model 
Model 1 
Socio-demographics 
included model 
Model 2 
Time pressure 
included model 
Model 3 
Physiological 
observations included 
model 
Model 4 
Estimate t-ratio estimate t-ratio estimate t-ratio estimate t-ratio 
Constant -24.39 -3.74 -25.92 -3.92 -33.56 -5.14 -59.05 -7.32 
Gap size 1.14 2.50 1.28 2.87 1.99 3.66 2.87 3.23 
Last gap dummy -9.01 -15.16 -9.17 -14.78 -10.24 -14.69 -13.57 -7.31 
Speed (first gap) 2.09 3.77 1.98 3.90 2.18 4.54 3.96 6.10 
Position 2.92 3.40 2.77 3.48 3.15 3.92 6.13 5.04 
Įacc 4.59 4.38 3.47 3.92 4.70 4.48 8.89 4.93 
Age>45 dummy - - -5.87 -4.16 -7.89 -4.29 -11.38 -3.79 
Regular driver 
dummy - - 5.00 3.05 6.50 3.18 10.08 3.27 
Time pressure 
dummy - - - - 2.45 2.96 3.75 2.94 
Skin conductance 
response - - - - - - 11.90 2.62 
Heart rate - - - - - - 2.40 2.13 
LL0 
 
-426.29 
 
-426.29 
 
-426.29 
 
-426.29 
LL 
 
-83.53 
 
-75.82 
 
-71.61 
 
-64.90 
ȡ2 
 
0.80 
 
0.82 
 
0.83 
 
0.85 
adjusted ȡ2 
 
0.79 
 
0.80 
 
0.81 
 
0.82 
observations 
 
615 
 
615 
 
615 
 
615 
 2 
฀ ฀V฀e฀h฀i฀c฀l฀e฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀i฀s฀ ฀a฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀t฀h฀a฀t฀ ฀c฀a฀p฀t฀u฀r฀e฀s฀ ฀a฀ ฀v฀e฀h฀i฀c฀l฀e฀’฀s฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ a t  ฀t฀h e  ฀i฀n฀t฀e r฀s฀e c t i฀o฀n  ฀a฀r฀e฀a  ฀(฀t฀h฀e฀ 3 
฀v฀a฀l฀u฀e฀ ฀z฀e฀r฀o฀ ฀d฀e฀n฀o฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀t฀a฀r฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀a฀r฀e฀a฀)฀ ฀w฀i฀t฀h฀ ฀a฀n฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀v฀a฀l฀u e  ฀a฀s  t฀h e  ฀v e h i c l e฀ 4 
฀m฀o฀v฀e฀s฀ ฀f฀o฀r฀w฀a฀r฀d฀.฀ ฀I฀f฀ ฀a฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀o฀u฀t฀s฀i฀d฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀a฀r฀e฀a฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀a฀sk  (i t  5 
฀i฀s฀ ฀t฀h฀e฀ ฀c฀a฀s฀e฀ ฀f฀o฀r฀ ฀s฀o฀m฀e฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀s฀h฀o฀w฀n฀ ฀g฀a฀p฀)฀,฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀c฀o฀u฀l฀d฀ ฀a฀l฀s o  t a k e฀ 6 
฀n฀e฀g฀a฀t฀i฀v฀e฀ ฀v฀a฀l฀u฀e฀s฀.฀ ฀T฀h฀e฀ ฀i฀n฀c฀l฀u฀s฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀t฀t฀e฀m฀p฀t฀s฀ ฀t฀o฀ ฀c฀a฀p฀t฀u฀r฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀’  b e h a v i o u฀r฀ t o฀ 7 
฀b฀e฀t฀t฀e฀r฀ ฀p฀o฀s฀i฀t฀i฀o฀n฀ ฀t฀h฀e฀m฀s฀e฀l฀v฀e฀s฀ ฀a฀n฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀t฀h฀e฀ ฀l฀i฀k฀e฀l฀i฀h฀o฀o฀d฀ ฀o฀f฀ ฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ ฀t฀h฀e ฀n e x t  ฀a v a i l฀a฀b l฀e฀ ฀g a p .  8 
฀T฀h฀i฀s฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀w฀a฀s฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀ ฀a s,฀ ฀d u r฀i฀n฀g  ฀d฀a฀t฀a฀ ฀c฀o฀l฀l฀e฀c฀t฀i฀o฀n฀,  a  ฀p฀r฀o฀p฀o฀r฀t฀i฀o฀n฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀s฀ 9 
฀w฀a฀s฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀t฀o฀ ฀s฀l฀o฀w฀l฀y฀ ฀m฀o฀v฀e฀ ฀t฀h฀ei฀r฀ c฀a฀r฀ ฀f฀o฀r฀w฀a฀r฀d฀ d u r i n g  ฀t฀h฀e฀ ฀p฀e฀r฀i฀o฀d฀ ฀t฀h฀e฀y฀ ฀w฀e฀r฀e฀ ฀w฀a฀i฀t฀i฀n฀g฀ ฀f฀o฀r฀ ฀a฀n฀ 10 
฀a฀c฀c฀e฀p฀t฀a฀b฀l฀e฀ ฀g฀a฀p฀.฀ ฀A฀s฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀,฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀i฀s฀ p o s i t i฀v฀e l y  r฀e l฀a t฀e฀d  t o  t฀h e  g a p -11 
฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀a฀r฀e฀ ฀m฀o฀r฀e฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀a฀ ฀g฀a฀p฀ ฀t฀h฀e฀ ฀c฀l o s฀e r  t o  o r  f u r t฀h฀e r฀ 12 
฀i฀n฀s฀i฀d฀e฀ ฀t฀h฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀t฀h฀ei฀r฀ v฀e฀h฀i฀c฀l฀e฀ ฀i฀s฀.฀  13 
 14 
฀T฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀s฀p฀e฀e฀d฀ ฀i฀s  ฀c o n s i d e r e d  i n  t฀h฀e  ฀u฀t฀i฀l฀i฀t฀y฀ ฀f฀u฀n฀c฀t฀i฀o฀n฀ ฀o฀n฀l฀y฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀g฀a฀p฀ ฀o฀f฀ ฀e฀a฀c฀h฀ 15 
฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀i฀s฀ i g n฀o฀r e฀d฀ f o฀r฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀r฀e฀s฀t฀.฀ ฀I฀t฀ ฀i฀s฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀a฀p฀t฀u฀r฀e฀ ฀t฀h฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀o฀f฀ ฀n฀o฀t฀ ฀s฀t฀o p p฀i n฀g฀ 16 
฀a฀t฀ ฀a฀l฀l฀ ฀a฀t฀ ฀t฀h฀e฀ ฀j฀u฀n฀c฀t฀i฀o฀n฀ ฀a฀n฀d฀ ฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀f฀i฀r฀s฀t฀ ฀g฀a฀p฀ ฀–฀ ฀t฀h฀e฀ ฀l฀i฀k฀e฀li฀h฀o o d  o f  ฀w h i c h  i s  e x p e฀c฀t฀e฀d฀ ฀t฀o฀ 17 
฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀ ฀i฀s฀ ฀t฀r฀a฀v฀e฀l฀l฀i฀n฀g฀ ฀a฀t฀ ฀a฀ ฀h฀i฀g฀h฀ ฀s฀p฀e฀e฀d฀.฀  18 
 19 
฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀t฀h฀e฀ ฀d฀u฀m฀m฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀o฀f฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀g฀a฀p฀ ฀(฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀1฀ ฀i฀f฀ ฀t฀h฀e฀r฀e฀ ฀a฀r฀e n o  f u r t h฀e฀r฀ a p฀p฀r฀o฀a฀c฀h฀i฀n g฀ 20 
฀v฀e฀h฀i฀c฀l฀e฀s฀ ฀o฀n฀ ฀s฀i฀g฀h฀t฀)฀ ฀h฀a฀s฀ ฀a฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀d฀e฀n฀o฀t฀i฀n฀g฀ ฀a฀ ฀r฀e฀d฀u฀c฀t฀i฀o฀n฀ ฀i฀n฀ ฀t฀h฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ 21 
฀a฀ ฀g฀a฀p฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀o฀n฀e฀.฀ ฀T฀h฀i฀s฀ ฀c฀o฀n฀f฀i฀r฀m฀s฀ ฀t฀h฀a฀t฀ ฀d฀r฀i฀v฀e฀r฀s฀’฀ g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀s฀ ฀a฀r฀e฀ ฀n฀o t฀ 22 
฀s฀h฀o฀r฀t฀-฀s฀i฀g฀h฀t฀e฀d฀ ฀o฀r฀ ฀f฀o฀c฀u฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀c฀u฀r฀r฀e฀n฀t฀ ฀g฀a฀p฀ ฀o฀n฀l฀y฀,฀ ฀r฀a฀t฀h฀e฀r฀,฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀c฀o฀n฀s฀i฀d฀e฀r฀ ฀t h e฀ 23 
฀n฀e฀x฀t฀ ฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀s฀ ฀b฀e฀f฀o฀r฀e฀ ฀d฀e฀c฀i฀d฀i฀n฀g฀ ฀w฀h฀e฀t฀h฀e฀r฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀t฀h฀e฀ ฀i฀m฀m฀e฀d฀i฀a฀t฀el y  a v a i l a b l e  g฀a฀p฀ ฀o฀r฀ ฀n฀o t฀ 24 
฀(฀a฀n฀t฀i฀c฀i฀p฀a฀t฀i฀o฀n฀ ฀e฀f฀f฀e฀c฀t฀)฀.฀ ฀T฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀s฀i฀g฀n฀ ฀i฀s฀ ฀t฀h฀u฀s฀ ฀i฀n฀t฀u฀i฀t฀i฀v฀e฀. 25 
 26 
   
 
฀1฀7 
 
 
0RGHO6RFLRGHPRJUDSKLFVYDULDEOHVLQFOXGHG 1 
฀M฀o฀d฀e฀l฀ ฀2฀ ฀i฀n฀c฀l฀u฀d฀e฀d฀ ฀a฀l฀l฀ ฀o฀f฀ ฀t฀h฀e฀ ฀M฀o฀d฀e฀l฀ ฀1฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀r฀e฀l a t฀e฀d  t฀o฀ ฀t฀h฀e฀ 2 
฀s฀o฀c฀i฀o฀d฀e฀m฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀c฀h฀a฀r฀a฀c฀t฀e฀r฀i฀s฀t฀i฀c฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀.฀ ฀A฀m฀o฀n฀g฀ ฀t฀h฀e฀ ฀s฀e฀v฀e฀r฀a฀l฀ ฀s฀o฀c฀i฀o฀d฀e฀mo g r a p฀h฀i c  3 
฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀t฀e฀s฀t฀e฀d฀,฀ ฀t฀h฀o฀s฀e฀ ฀w฀i฀t฀h฀ ฀a฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀e฀f฀f฀e฀c฀t฀ ฀a฀r฀e฀ Ag฀e> 4฀5฀ ฀(฀w฀h i฀c h   1  i f  t h e  4 
฀d฀r฀i฀v฀e฀r฀ ฀i฀s฀ ฀o฀l฀d฀e฀r฀ ฀t฀h฀a฀n฀ ฀4฀5฀ ฀y฀e฀a฀r฀s฀,฀ ฀0฀ ฀o฀t฀h฀e฀r฀w฀i฀s฀e฀)฀ ฀a฀n฀d฀ ฀R฀e฀g฀u฀l฀a฀r฀ ฀d฀r฀i฀v฀e฀r฀ ฀d฀u฀m฀m฀y฀ ฀(฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀1  i฀f฀ ฀t฀h฀e฀ 5 
฀d฀r฀i฀v฀e฀r฀ ฀t฀y฀p฀i฀c฀a฀l฀l฀y฀ ฀d฀r฀i฀v฀e฀s฀ ฀e฀v฀e฀r฀y฀ ฀d฀a฀y฀,฀ ฀0฀ ฀o฀t฀h฀e฀r฀w฀i฀s฀e฀)฀.฀ ฀I฀t฀ ฀m฀a฀y฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀s฀e฀ ฀v฀a฀r฀i a฀b฀l฀e฀s฀ ฀a฀r฀e฀ ฀u s e d฀ 6 
฀i฀n฀ ฀t฀h฀e฀ ฀d฀u฀m฀m฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀f฀o฀r฀m฀,฀ ฀s฀i฀n฀c฀e฀ ฀i฀t฀ ฀p฀r฀o฀v฀i฀d฀e฀s฀ ฀a฀ ฀b฀e฀t฀t฀e฀r฀ ฀m฀o฀d฀e฀l฀ ฀f฀i฀t฀ ฀w฀i฀t฀h฀ ฀t฀h฀i s฀ ฀c฀o฀d฀i฀n฀g฀,฀ ฀r฀a฀t฀h฀e฀r฀ 7 
฀t฀h฀a฀n฀ ฀h฀a฀v฀i฀n฀g฀ ฀a฀ ฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ ฀o฀r฀ ฀o฀r฀d฀i฀n฀a฀l฀ ฀f฀o฀r฀m฀.฀ ฀T฀h฀e฀ ฀A฀g฀e฀>฀4฀5฀ ฀d฀u฀m m฀y฀ ฀h฀a฀s฀ ฀a฀ ฀n฀e฀g฀a฀t฀i v฀e฀ ฀e฀f f e฀c฀t฀ ฀o฀n฀ 8 
฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀,฀ ฀i฀n฀d฀i฀c฀a฀t฀i฀n฀g฀ ฀t฀h฀a฀t฀ ฀o฀l฀d฀e฀r฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀a฀r฀e฀ ฀l฀e฀s฀s฀ ฀l฀i฀k฀e l y  t o  a c c e฀p฀t  a฀n฀ 9 
฀a฀v฀a฀i฀l฀a฀b฀l฀e฀ ฀g฀a฀p฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀y฀o฀u฀n฀g฀e฀r฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀a฀l฀l฀ ฀e฀l฀s฀e฀ ฀b฀e฀i฀n฀g฀ ฀e฀q฀u฀a฀l฀,฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a n t s  ฀t h a t฀ ฀d฀r฀i฀v฀e฀ 10 
฀e฀v฀e฀r฀y฀ ฀d฀a฀y฀ ฀a฀r฀e฀ ฀m฀o฀r฀e฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀a฀ ฀g฀a฀p฀.฀ ฀I฀t฀ ฀m฀a฀y฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h e฀ ฀e f฀f฀e฀c฀t฀s฀ ฀o฀f฀ ฀g฀e฀n฀d฀e฀r฀,฀ 11 
฀a฀c฀c฀i฀d฀e฀n฀t฀ ฀r฀e฀c฀o฀r฀d฀s฀ ฀a฀n฀d฀ ฀f฀i฀n฀e฀ ฀f฀o฀r฀ ฀s฀p฀e฀e฀d฀i฀n฀g฀ ฀h฀a฀v฀e฀ ฀a฀l฀s฀o฀ ฀b฀e฀e฀n฀ ฀t฀e฀s฀t฀e฀d฀ ฀b฀u฀t฀ ฀n฀o฀t฀ ฀f฀o฀u฀n฀d฀ ฀t h a฀v฀e  a  12 
฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀l฀y฀ ฀s฀i฀g฀n฀i฀f฀i฀c฀a฀n฀t฀ ฀e฀f฀f฀e฀c฀t฀.฀ ฀ ฀T฀h฀e฀ ฀s฀i฀g฀n฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ c o m฀m฀o n  w i t h  M฀o฀d฀e฀l฀ ฀1฀ ฀w฀e฀r e  ฀f o u n d฀ 13 
฀t฀o฀ ฀b฀e฀ ฀t฀h฀e฀ ฀s฀a฀m฀e฀ ฀b฀u฀t฀ ฀t฀h฀e฀ ฀m฀a฀g฀n฀i฀t฀u฀d฀e฀s฀ ฀w฀e฀r฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀.฀ ฀S฀u฀c฀h฀ ฀c฀h฀a฀n฀g฀e฀s฀ ฀i฀n฀ ฀s฀e฀n฀si t฀i฀v฀i฀t฀y฀ ฀a฀r฀e฀ x p e฀c฀t฀e฀d฀ 14 
฀a฀s฀ ฀t฀h฀e฀ ฀s฀o฀c฀i฀o฀-฀d฀e฀m฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀a฀r฀e฀ ฀a฀d฀d฀i฀n฀g฀ ฀f฀u฀r฀t฀h฀e฀r฀ ฀i฀n฀s฀i฀g฀h฀t฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀b฀e฀h a v i o u r  15 
฀p฀o฀t฀e฀n฀t฀i฀a฀l฀l฀y฀ ฀l฀e฀a฀d฀i฀n฀g฀ ฀t฀o฀ ฀m฀o฀r฀e฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀a฀t฀i฀v฀e฀ ฀s฀e฀n฀s฀i฀t฀i฀v฀i฀t฀y฀ ฀v฀a฀l฀u฀e฀s฀.฀  16 
฀T฀h฀e฀ ฀r฀e฀s฀u฀l฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l฀(฀s฀)฀ ฀o฀f฀ ฀t฀h฀i฀s฀ ฀s฀t฀u฀d฀y฀ ฀s฀u฀p฀p฀o฀r฀t฀ ฀t฀h฀e฀ ฀e฀x฀i฀s฀t฀i n g฀ ฀l i t e r฀a฀t฀u฀r฀e฀ 17 
฀f฀i฀n฀d฀i฀n฀g฀s฀.฀ ฀F฀o฀r฀ ฀i฀n฀s฀t฀a฀n฀c฀e฀,฀ ฀p฀r฀e฀v฀i฀o฀u฀s฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀(฀e฀.฀g฀.฀ ฀M฀a฀t฀t฀h฀e฀w฀s฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀1฀9฀9฀9฀)฀ ฀u฀s฀e฀d฀ ฀d฀r฀i฀v฀i฀n฀g฀ 18 
฀f฀r฀e฀q฀u฀e฀n฀c฀y฀ ฀a฀s฀ ฀a฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀o฀f฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀e฀x฀p฀o฀s฀u฀r฀e฀ ฀a฀n฀d฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀l฀y฀ ฀r฀e฀l฀a฀t฀e฀d฀ ฀i฀t฀ t o฀ ฀c฀r฀a฀s h e s  ฀a n d  ฀s฀p฀e฀e฀d฀ 19 
฀v฀i฀o฀l฀a฀t฀i฀o฀n฀s฀.฀ ฀I฀n฀ ฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀t฀ ฀c฀a฀s฀e฀,฀ ฀p฀a฀r฀t฀i฀c฀i฀p฀a฀n฀t฀s฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀o฀n฀ ฀a฀ ฀d฀a฀i฀l฀y฀ ฀b฀a฀s฀i฀s –  a n d  t h u฀s฀ w฀i฀t฀h฀ ฀h฀i฀g฀h฀e฀r฀ 20 
฀e฀x฀p฀o฀s฀u฀r฀e฀ ฀-฀ ฀w฀e฀r฀e฀ ฀m฀o฀r฀e฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀a฀c฀c฀e฀p฀t฀ ฀a฀ ฀g฀a฀p฀ ฀a฀n฀d฀ ฀t฀h฀e฀r฀e฀f฀o฀r฀e฀ ฀m฀i฀g฀h฀t฀ ฀b฀e฀ ฀c฀o฀n s฀i฀d e r e d  a s฀ ฀m o r e  21 
฀r฀i฀s฀k฀-฀t฀a฀k฀e฀r฀s฀.฀ ฀S฀i฀m฀i฀l฀a฀r฀l฀y฀,฀ ฀i฀n฀ ฀e฀x฀i฀s฀t฀i฀n฀g฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀e฀l฀d฀e฀r฀ ฀d฀r฀i฀v฀e฀r฀s฀ ฀a฀r฀e฀ ฀f฀o฀u฀n฀d฀ ฀t฀o  ฀h a v e  a  l e฀s s  r฀i฀s฀k฀-฀t฀a฀k฀i฀n฀g฀ 22 
฀p฀r฀o฀p฀e฀n฀s฀i฀t฀y฀ ฀(฀e฀.฀g฀.฀ ฀J฀o฀n฀a฀h฀,฀ ฀1฀9฀9฀0฀;฀ ฀K฀r฀a฀h฀é฀ ฀a฀n฀d฀ ฀F฀e฀n฀s฀k฀e฀,฀ ฀2฀0฀0฀2฀;฀ ฀R฀h฀o฀d฀e฀s฀ ฀a฀n฀d฀ ฀P฀i฀v฀i฀k฀,฀ ฀2฀0฀1฀1฀;฀ ฀T฀a฀u฀b฀m฀a฀n฀-23 
฀B฀e฀n฀-฀A฀r฀i฀ ฀a฀n฀d฀ ฀Y฀e฀h฀e฀l฀,฀ ฀2฀0฀1฀2฀)฀ ฀w฀h฀i฀c฀h฀ ฀i฀s฀ ฀i฀n฀ ฀a฀g฀r฀e฀e฀m฀e฀n฀t฀ ฀w฀i฀t฀h฀ ฀o฀u฀r฀ ฀f฀i฀n฀d฀i฀n฀g฀s฀.฀  24 
 25 
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฀T฀h฀e฀ ฀t฀h฀i฀r฀d฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀m฀o฀d฀e฀l฀ ฀(฀M฀o฀d฀e฀l฀ ฀3฀)฀ ฀i฀n฀c฀l฀u฀d฀e฀s฀ ฀a฀l฀l฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s o f฀ ฀M o d e l  ฀2฀ ฀a฀n฀d  ฀a฀l฀s o  27 
฀a฀c฀c฀o฀u฀n฀t฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀i฀n฀d฀u฀c฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ ฀s฀e฀c฀o฀n฀d฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀an c e  t a s k .฀ ฀T h e  28 
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฀1฀9 
 
 
฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀0฀.฀0฀3฀8฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀n฀o฀r฀m฀a฀l฀i฀s฀e฀d฀ ฀S฀C฀R฀s฀.฀ ฀F฀o฀r฀ ฀t฀h฀e฀ ฀d฀u฀m฀m฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀,฀ ฀s฀a฀m฀p฀l฀e฀ a v e a g e  1 
฀v฀a฀l฀u฀e฀s฀ ฀a฀r฀e฀ ฀a฀l฀s฀o฀ ฀u฀s฀e฀d฀ ฀(฀v฀a฀r฀y฀i฀n฀g฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀z฀e฀r฀o฀ ฀a฀n฀d฀ ฀o฀n฀e฀)฀:฀ ฀0฀.฀1฀8฀ ฀f฀o฀r฀ ฀a฀g฀e฀,฀ ฀0฀.฀4฀6฀ ฀f฀o฀r฀ ฀dr฀i฀v฀i฀n฀g฀ 2 
฀f฀r฀e฀q฀u฀e฀n฀c฀y฀,฀ ฀0฀.฀4฀5฀ ฀f฀o฀r฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀a฀n฀d฀ ฀0฀.฀0฀5฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀g฀a฀p฀.฀ ฀B฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀s฀e  ฀v a l฀u e s ,฀ ฀t฀h฀e฀ 3 
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฀  7 
 8 )LJXUH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฀F฀i฀g฀u฀r฀e฀ ฀7฀ ฀d฀e฀p฀i฀c฀t฀s฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀o฀c฀i฀o฀-฀d฀e฀m฀o฀g฀r฀a฀p฀h฀i฀c฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀u฀s฀e฀d฀ ฀i n฀ ฀t h฀e฀ ฀M o d e l  43฀.฀ ฀W฀i t h  19 
฀r฀e฀s฀p฀e฀c฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀a฀g฀e฀ ฀d฀u฀m฀m฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀,฀ ฀t฀h฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀f฀o฀r฀ ฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ ฀a฀ ฀g฀a฀p฀,฀ ฀f฀o฀r ฀a฀ ฀d r฀i฀v฀e฀r  a b o v e  20 
฀4฀5฀ ฀y฀e฀a฀r฀s฀,฀ ฀h฀a฀s฀ ฀a฀ ฀v฀a฀l฀u฀e฀ ฀c฀l฀o฀s฀e฀ ฀t฀o฀ ฀z฀e฀r฀o฀ ฀w฀h฀i฀l฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀s  f฀o฀r฀ y o฀u฀n฀g฀e฀r฀ 21 
                                                     
2฀ ฀I฀t฀ ฀m฀a฀y฀ ฀b฀e฀ ฀n฀o฀t฀e฀d฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀s฀t฀a฀t฀e฀-o f฀-฀t฀h฀e฀-฀a r฀t฀ ฀t฀r฀a฀f฀f฀i฀c฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀t฀o฀o฀l฀s฀ ฀a฀r฀e฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ ฀pr i n฀c฀i฀p฀l฀e฀s฀ o฀f฀ M฀o฀d e l  ฀1 . 
3฀ ฀S฀i฀n฀c฀e฀ ฀t฀h฀e฀s฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀a฀r฀e฀ ฀n฀o฀t฀ ฀i฀n฀c฀l฀u฀d฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀M฀o฀d฀e฀l฀ ฀1,  t฀h e i r฀ ฀e฀f฀f฀e฀c t฀ ฀o฀n฀ ฀g฀a฀p฀- a฀c c e p t a฀n฀c฀e฀ ฀p r฀o฀b฀a฀b฀i฀l฀i฀t฀i฀e฀s฀ ฀h฀a฀v฀e฀ 
฀n฀o฀t฀ ฀b฀e฀e฀n฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀d฀ ฀a฀c฀r฀o฀s฀s฀ ฀m฀o฀d฀e฀l฀s฀ ฀b฀u฀t฀ ฀o฀n฀l฀y฀ ฀f฀o฀r฀ ฀M฀o฀d฀e฀l 4 . 
   
 
฀2฀0 
 
 
฀d฀r฀i฀v฀e฀r฀s฀.฀ ฀I฀n฀ ฀a฀ ฀s฀i฀m฀i฀l฀a฀r฀ ฀w฀a฀y฀,฀ ฀t฀h฀e฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀i฀e฀s฀ ฀f฀o฀r฀ ฀p฀a฀r t i c i p฀a฀n฀t฀s  w฀h฀o฀ ฀d฀r฀i v฀e฀ o n  a  1 
฀d฀a฀i฀l฀y฀ ฀b฀a฀s฀i฀s฀,฀ ฀a฀r฀e฀ ฀h฀i฀g฀h฀e฀r฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀t฀h฀e฀ ฀r฀e฀s฀t฀.฀ ฀F฀i฀n฀a฀l฀l฀y฀,฀ ฀a฀s฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀,฀ ฀t h e  p r o b a b i l i t฀y  f o r2 
฀a฀c฀c฀e฀p฀t฀i฀n฀g฀ ฀a฀ ฀g฀a฀p฀ ฀u฀n฀d฀e฀r฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀i฀s฀ ฀a฀l฀m฀o฀s฀t฀ ฀d฀o฀u฀b฀l฀e฀ ฀c฀o฀m฀p฀a฀r฀e฀d฀ ฀t฀o฀ ฀n฀o฀ t i m฀e฀ 3 
฀p฀r฀e฀s฀s฀u฀r฀e฀. 4 
 5 )LJXUH฀ ฀S฀e฀n฀s฀i฀t฀i฀v฀i฀t฀y฀ ฀p฀l฀o฀t฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀d฀u฀m฀m฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀u฀s฀e฀d฀ ฀i฀n฀ ฀M฀o฀d฀e฀l฀ ฀4฀ ฀o฀n฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ 6 
฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y 7 
 8 
฀T฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀m฀e฀a฀s฀u฀r฀e฀m฀e฀n฀t฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀i฀s฀ ฀s฀h฀o฀w฀n฀ ฀i฀n฀ ฀F฀ig u r e  8 . T h e  r฀e฀s฀u฀l฀t฀s  9 
฀s฀h฀o฀w฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀i฀e฀s฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀a฀ ฀s฀i฀m฀i฀l฀a฀r฀ a t t฀e฀r฀n฀ ฀a฀s฀ ฀t฀h฀e฀ ฀v฀a l u e s  o f  10 
฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀S฀C฀R฀.11 
 12 
 13 )LJXUH฀ ฀S฀e฀n฀s฀i฀t฀i฀v฀i฀t฀y฀ ฀p฀l฀o฀t฀ ฀o฀f฀ ฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀S฀C฀R฀ ฀o฀n฀ ฀g฀a฀p฀-฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀t฀y 14 
   
 
฀2฀1 
 
 
฀5฀.฀4฀ ฀S฀u฀b฀s฀t฀i฀t฀u฀t฀i฀o฀n฀ ฀r฀a฀t฀e฀s 1 
฀A฀t฀ ฀t฀h฀e฀ ฀f฀i฀n฀a฀l฀ ฀p฀a฀r฀t฀ ฀o฀f฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀,฀ ฀a฀n฀ ฀a฀l฀t฀e฀r฀n฀a฀t฀i฀v฀e฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀i฀s฀ ฀a฀t฀t฀em p t e d  t o  c o m฀p a฀r e  M฀o฀d฀e฀l฀ ฀1฀ 2 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀M฀o฀d฀e฀l฀ ฀4฀.฀ ฀T฀h฀e฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀i฀s฀ b a฀s฀e฀d฀ ฀o฀n฀ ฀t฀h฀e฀ m฀a฀r฀g฀i฀n฀a฀l฀ ฀r฀a฀t฀e฀s฀ ฀o฀f฀ ฀s฀u฀b฀s฀t฀i฀t฀u฀t฀i฀o฀n฀s฀ ฀(฀M฀R฀S฀)฀ ฀t฀h฀a฀t฀ 3 
฀a฀l฀s฀o฀ ฀a฀s฀s฀i฀s฀t฀s฀ ฀i฀n฀ ฀a฀v฀o฀i฀d฀i฀n฀g฀ ฀i฀s฀s฀u฀e฀s฀ ฀o฀f฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀s฀c฀a฀l฀e฀s฀ ฀a฀c฀r฀o฀s฀s฀ ฀m฀o฀d฀e฀l฀s฀.฀ ฀T฀h฀e  ฀M R฀S฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀e฀s฀ 4 
฀t฀h฀e฀ ฀r฀e฀q฀u฀i฀r฀e฀d฀ ฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀a฀ ฀s฀p฀e฀c฀i฀f฀i฀c฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀,฀ ฀i฀n฀ ฀o฀r฀d฀e฀r฀ ฀t฀o฀ ฀c฀o฀u฀n฀t฀e฀r฀b฀a฀l฀a฀n฀c฀e฀ ฀t฀h฀e฀ ฀c฀h฀a฀n฀g e  ฀i฀n฀ ฀a฀n฀o t฀h e r  5 
฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀a฀n฀d฀ ฀k฀e฀e฀p฀ ฀t฀h฀e฀ ฀t฀o฀t฀a฀l฀ ฀u฀t฀i฀l฀i฀t฀y฀ ฀c฀o฀n฀s฀t฀a฀n฀t฀.฀ ฀T฀h฀e฀ ฀M฀R฀S฀ ฀i฀s฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀ed  s  t h e฀ ฀r฀a฀t฀i฀o฀ ฀o฀f  ฀t h e฀ 6 
฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀s฀ ฀(฀ ߚ௜Ȁߚ௝ ) ,  w h฀e r e  L฀ ฀a n d฀ M  d n o฀t฀e฀ ฀t฀w฀o฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀t฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀.฀ ฀ ฀I฀n฀ 7 
฀m฀o฀s฀t฀ ฀s฀t฀u฀d฀i฀e฀s฀,฀ ฀M฀R฀S฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀u฀s฀e฀d฀ ฀t฀o฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀ ฀m฀a฀r฀g฀i฀n฀a฀l฀ ฀w฀i฀l฀l฀i฀n฀g฀ne s s -฀t o- p a y฀,฀ ฀u฀s฀i฀n฀g฀ ฀t฀h฀e฀ 8 
฀m฀a฀r฀g฀i฀n฀a฀l฀ ฀u฀t฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀p฀r฀i฀c฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀d฀e฀n฀o฀m฀i฀n฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀a฀n฀o฀t฀h฀e฀r฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀(฀t฀r฀a฀v฀e฀l฀ ฀t฀i m฀e฀ ฀f฀o฀r฀ ฀i n s t a n c e )9 
฀i฀n฀ ฀t฀h฀e฀ ฀n฀u฀m฀e฀r฀a฀t฀o฀r฀.฀ I n  t฀h฀i฀s฀ ฀c฀a฀s฀e฀,฀ ฀t฀h฀e฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀o฀f฀ ฀g฀a฀p฀ ฀s฀i฀z฀e฀ ฀h฀a฀s฀ ฀b฀e฀e฀n฀ ฀u฀s฀e฀d฀ ฀a฀s฀ ฀t฀h฀e฀ ฀d฀e฀n฀o฀m฀i฀n฀a฀t฀o r฀ 10 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀s฀ ฀a฀r฀e฀ ฀c฀o฀m฀p฀u฀t฀e฀d฀ ฀u฀s฀i฀n฀g฀ ฀e฀a฀c฀h฀ ฀o฀f฀ ฀t฀h฀e฀ ฀o฀t฀h฀e฀r฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀s฀ ฀a฀s฀ ฀n฀u฀m฀e฀r฀a฀t฀o฀r฀s฀.฀ T฀h฀e฀ ฀r฀e฀s฀u฀l t s  11 
฀a฀r฀e฀ ฀i฀l฀l฀u฀s฀t฀r฀a฀t฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀9฀ ฀w฀h฀e฀r฀e฀ ฀t฀h฀e฀ ฀c฀a฀l฀c฀u฀l฀a฀t฀e฀d฀ ฀M฀R฀S฀ ฀v฀a฀l฀u฀e฀s฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t t h e  ฀r฀e฀l฀a฀t฀i฀v฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ 12 
฀e฀a฀c฀h฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀w฀i฀t฀h฀ ฀r฀e฀s฀p฀e฀c฀t฀ ฀t฀o฀ ฀t฀h฀e฀ ฀g฀a฀p฀ ฀s฀i฀z฀e฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ i n฀ ฀e฀a฀c h฀ ฀m o d฀e฀l฀. 13 
 14 
฀I฀t฀ ฀s฀h฀o฀u฀l฀d฀ ฀b฀e฀ ฀m฀e฀n฀t฀i฀o฀n฀e฀d฀ ฀t฀h฀a฀t฀ ฀s฀i฀n฀c฀e฀ ฀t฀h฀e฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀o฀f฀ ฀g฀a฀p฀ ฀s฀i฀z฀e฀ ฀i฀s฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀,  t h฀e฀ ฀r฀a฀t i o s  w฀i t h  15 
฀n฀e฀g฀a฀t฀i฀v฀e฀ ฀p฀a฀r฀a฀m฀e฀t฀e฀r฀ ฀a฀r฀e฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀ ฀t฀o฀ ฀b฀e฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀ ฀w฀h฀i฀l฀e฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀ ฀r฀a฀t฀i฀o฀s ฀a฀r฀e฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀ ฀w h n  t h e  16 
฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀h฀o฀l฀d฀s฀.฀ ฀T฀h฀u฀s฀,฀ ฀w฀h฀e฀n฀ ฀i฀n฀t฀e฀r฀p฀r฀e฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀M฀R฀S฀ ฀v฀a฀l฀u฀e฀s฀,฀ ฀w฀h฀a฀t฀ ฀i฀s฀ ฀i฀m฀p฀o฀r฀t฀a฀n฀t฀ ฀i฀s w฀h฀e฀t฀h฀e฀r฀ t h฀e฀ 17 
฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀r฀a฀t฀i฀o฀ ฀v฀a฀l฀u฀e฀ ฀i฀s฀ ฀h฀i฀g฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀u฀n฀i฀t฀y฀,฀ ฀r฀a฀t฀h฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀s฀i฀g฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀r฀a฀t฀i฀o฀ ฀i฀t฀s฀e฀l฀f฀.฀ ฀F฀o฀r  i s t a n฀c฀e฀,฀ 18 
฀|฀M฀R฀S฀|฀>฀1฀ ฀s฀h฀o฀w฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀c฀h฀a฀n฀g฀e฀ ฀i฀n฀ ฀u฀t฀i฀l฀i฀t฀y฀,฀ ฀f฀r฀o฀m฀ ฀a฀ ฀o฀n฀e฀-฀u฀n฀i฀t฀ ฀s฀h฀i฀f฀t฀ ฀f฀r฀o฀m฀ ฀t฀h฀e฀ ฀b฀a฀s฀e฀l i฀n฀e฀ ฀o฀f฀ ฀a฀ ฀g฀i฀v e n  19 
฀v฀a฀r฀i฀a฀b฀l฀e฀,฀ ฀i฀s฀ ฀g฀r฀e฀a฀t฀e฀r฀ ฀t฀h฀a฀n฀ ฀t฀h฀e฀ ฀c฀h฀a฀n฀g฀e฀ ฀c฀o฀r฀r฀e฀s฀p฀o฀n฀d฀i฀n฀g฀ ฀t฀o฀ ฀a฀n฀ ฀i฀n฀c฀r฀e฀a฀s฀e฀ ฀i฀n฀ ฀g฀a฀p฀ ฀si z  ฀b฀y 1 s .  ฀T h e  20 
฀o฀p฀p฀o฀s฀i฀t฀e฀ ฀a฀p฀p฀l฀i฀e฀s฀ ฀f฀o฀r฀ ฀|฀M฀R฀S฀|฀<฀1฀. 21 
 22 
 23 )LJXUH฀ ฀M฀a฀r฀g฀i฀n฀a฀l฀ ฀r฀a฀t฀e฀s฀ ฀o฀f฀ ฀s฀u฀b฀s฀t฀i฀t฀u฀t฀i฀o฀n 24 
 25 
฀A฀s฀ ฀o฀b฀s฀e฀r฀v฀e฀d฀ ฀i฀n฀ ฀F฀i฀g฀u฀r฀e฀ ฀9฀,฀ ฀t฀h฀e฀ ฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀v฀a฀l฀u฀e฀s฀ ฀o฀f฀ ฀M฀R฀S฀ ฀a฀r฀e฀ ฀l฀a฀r฀g฀e฀r฀ ฀t฀h฀a฀n฀ ฀u฀n฀i฀t฀y฀ ฀d฀e฀n o t฀i฀n฀g฀ ฀a฀l฀l฀ ฀t h฀e฀s฀e฀ 26 
฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀h฀a฀v฀e฀ ฀a฀ ฀h฀i฀g฀h฀e฀r฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀o฀n฀ ฀t฀o฀ ฀t฀h฀e฀ ฀u฀t฀i฀l฀i฀t฀y฀ ฀(฀i฀n฀ ฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀t฀e฀r฀m฀s฀)฀ ฀c฀o฀mp a r e d฀ t o  t h e  g a p฀ 27 
฀s฀i฀z฀e฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀(฀i฀.฀e฀.฀ ฀p฀e฀r฀ ฀s฀e฀c฀o฀n฀d฀)฀.฀ ฀M฀o฀r฀e฀o฀v฀e฀r฀,฀ ฀i฀n฀ ฀a฀l฀l฀ ฀c฀a฀s฀e฀s฀,฀ ฀t฀h฀e฀ ฀a฀b฀s฀o฀l฀u฀t฀e฀ ฀v฀a฀l฀u฀e฀s฀ a r e  h฀i฀g฀h r฀ ฀f฀o฀r฀ ฀t฀h฀e  28 
   
 
฀2฀2 
 
 
฀M฀o฀d฀e฀l฀ ฀1฀.฀ ฀T฀h฀e฀ ฀M฀R฀S฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀g฀a฀p฀ ฀d฀u฀m฀m฀y฀ ฀i฀n฀d฀i฀c฀a฀t฀e฀s฀ ฀t฀h฀a฀t฀ ฀t฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ o f  t h e  c u r r e n t  ฀g฀a p  b฀e฀i n฀g฀ 1 
฀t฀h฀e฀ ฀l฀a฀s฀t฀ ฀i฀n฀ ฀t฀h฀e฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀ ฀o฀f฀ ฀g฀a฀p฀s฀ ฀i฀s฀ ฀a฀l฀m฀o฀s฀t฀ ฀8฀ ฀t฀i฀m฀e฀s฀ ฀a฀s฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀ a s  t h e  i n c r e a s e  ฀o f  ฀1 s  i n  t฀h฀e฀ 2 
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฀H฀o฀w฀e฀v฀e฀r฀,฀ ฀i฀t฀ ฀i฀s฀ ฀n฀o฀t฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀t฀o฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀s฀i฀t฀u฀a฀t฀i฀o฀n฀ ฀t฀o฀ ฀i฀s฀o฀l฀a฀t฀e฀ ฀t฀h฀e  ฀s฀t฀r฀e฀s฀s฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀i฀n฀ ฀a฀ 39 
฀f฀i฀e฀l฀d฀ ฀s฀t฀u฀d฀y฀.฀ ฀W฀e฀ ฀a฀r฀e฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀t฀r฀a฀n฀s฀f฀e฀r฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀m฀o฀d฀e฀l฀s฀ ฀d฀e฀v฀e฀l฀o฀p฀e฀d฀ u s i n g  t h e  d r i v฀i n฀g฀ 40 
฀s฀i฀m฀u฀l฀a฀t฀o฀r฀ ฀t฀o฀ ฀t฀h฀e฀ ฀f฀i฀e฀l฀d฀ ฀i฀n฀ ฀s฀e฀p฀a฀r฀a฀t฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀(฀P฀a฀p฀a฀d฀i฀m฀i฀t฀r฀o฀u฀ ฀a฀n฀d฀ ฀C฀h฀o฀u฀d฀h฀u฀r฀y฀ ฀2฀0฀1฀7฀)  n d฀ ฀w฀a฀y฀s฀ 41 
฀t฀o฀ ฀c฀o฀r฀r฀e฀c฀t฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀s฀c฀a฀l฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀(฀P฀a฀s฀c฀h฀a฀l฀i฀d฀i฀s฀ ฀e฀t฀ ฀a฀l฀.฀ ฀2฀0฀1฀8 )  w h i c h฀ w฀i฀l฀l฀ ฀h฀e฀l p  t o฀ 42 
฀m฀a฀k฀e฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀ ฀c฀o฀e฀f฀f฀i฀c฀i฀e฀n฀t฀s฀ ฀m฀o฀r฀e฀ ฀a฀p฀p฀l฀i฀c฀a฀b฀l฀e฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀i฀e฀l฀d฀.฀ ฀S฀e฀c฀o฀n฀d฀l฀y฀,฀ ฀i฀t s h o u฀l d  b e  n o t e d  t฀h a t  43 
฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀w฀a฀s฀ ฀a฀l฀w฀a฀y฀s฀ ฀i฀n฀d฀u฀c฀e฀d฀ ฀a฀t฀ ฀t฀h฀e฀ ฀s฀e฀c฀o฀n฀d฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀o฀u฀t฀ ฀co฀u฀n฀t฀e฀r b a l n c฀i฀n฀g฀ 44 
฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀h฀e฀ ฀t฀w฀o฀ ฀t฀a฀s฀k฀s฀.฀ ฀T฀h฀o฀u฀g฀h฀ ฀t฀h฀i฀s฀ ฀i฀s฀ ฀a฀ ฀s฀t฀a฀n฀d฀a฀r฀d฀ ฀a฀p฀p฀r฀o฀a฀c฀h฀ ฀i฀n฀ ฀s฀t฀r฀e฀s฀s฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀ ฀(฀s฀e฀e฀ ฀R฀e n d o฀n฀-45 
฀V฀e฀l฀e฀z฀ ฀e฀t฀ ฀a฀l฀.฀,฀ ฀2฀0฀1฀6฀ ฀f฀o฀r฀ ฀e฀x฀a฀m฀p฀l฀e฀)฀ ฀a฀n฀d฀ ฀t฀h฀e฀ ฀l฀e฀a฀r฀n฀i฀n฀g฀ ฀e฀f฀f฀e฀c฀t฀ ฀i฀s฀ ฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀b฀e฀ ฀m฀i n฀i m฀a฀l฀ ฀g฀i฀v฀e฀n฀ ฀t฀h฀e฀ 46 
   
 
฀2฀3 
 
 
฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀d฀e฀s฀i฀g฀n฀,฀ ฀t฀h฀i฀s฀ ฀i฀s฀ ฀y฀e฀t฀ ฀t฀o฀ ฀b฀e฀ ฀t฀e฀s฀t฀e฀d฀ ฀e฀m฀p฀i฀r฀i฀c฀a฀l฀l฀y฀.฀ ฀M฀o r e o v e฀r฀,  i t  i s  ฀w o r t h฀ m฀e฀n฀t฀i฀o฀n฀i n฀g฀ 1 
฀t฀h฀a฀t฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀a฀c฀t฀u฀a฀l฀l฀y฀ ฀r฀e฀p฀r฀e฀s฀e฀n฀t฀ ฀‘฀a฀r฀o฀u฀s฀a฀l’฀ ฀w฀h฀i฀c฀h฀ ฀m฀a฀y  ฀b฀e  ฀a฀ ฀r฀e฀f฀l฀e฀c฀t฀i฀o฀n฀ ฀o฀f฀ ฀o฀t฀h฀e฀r฀ 2 
฀e฀m฀o฀t฀i฀o฀n฀a฀l฀ ฀s฀t฀a฀t฀e฀s฀,฀ ฀p฀o฀s฀i฀t฀i฀v฀e฀ ฀o฀r฀ ฀n฀e฀g฀a฀t฀i฀v฀e฀.฀ ฀G฀i฀v฀e฀n฀ ฀t฀h฀e฀ ฀e฀x฀p฀e฀r฀i฀m฀e฀n฀t฀a฀l฀ ฀s฀e฀t฀t฀i฀n฀g฀ o f t h e  c u r r e n t  s t฀u d y ,฀ 3 
฀a฀n฀d฀ ฀t฀h฀e฀ ฀e฀x฀p฀e฀c฀t฀e฀d฀ ฀i฀m฀p฀a฀c฀t฀ ฀o฀n฀ ฀d฀r฀i฀v฀e฀r฀s฀’฀ b e฀h฀a฀v฀i฀o฀u฀r ,  w฀e฀ d฀e฀c฀i฀d฀e฀d฀ ฀t฀o฀ ฀c฀o฀n฀c฀e฀p฀t฀u฀a฀l฀i฀z฀e฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ 4 
฀r฀e฀s฀p฀o฀n฀s฀e฀s฀ ฀a฀s฀ ฀a฀n฀ ฀e฀x฀p฀r฀e฀s฀s฀i฀o฀n฀ ฀o฀f฀ ฀s฀t฀r฀e฀s฀s฀ ฀t฀h฀o฀u฀g฀h฀ ฀i฀t฀ ฀c฀a฀n฀ ฀b฀e฀ ฀c฀o฀n฀f฀o฀u฀n฀d฀e฀d฀ ฀w฀i฀t฀h฀ ฀o฀t฀h฀e฀r฀ ฀f฀o฀rm s  o฀f฀ 5 
฀a฀r฀o฀u฀s฀a฀l฀s฀ ฀a฀s฀ ฀w฀e฀l฀l฀.฀ ฀A฀n฀o฀t฀h฀e฀r฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀s฀o฀u฀r฀c฀e฀ ฀o฀f฀ ฀b฀i฀a฀s฀ ฀c฀o฀u฀l฀d฀ ฀b฀e฀ ฀s฀e฀l฀f฀-฀s฀e฀l฀e฀ct฀i฀o n  ฀h o w e฀v฀e฀r฀,฀ ฀i t  i฀s฀ ฀v฀e฀r y  6 
฀l฀i฀k฀e฀l฀y฀ ฀t฀h฀a฀t฀ ฀i฀t฀ ฀i฀s฀ ฀u฀n฀c฀o฀r฀r฀e฀l฀a฀t฀e฀d฀ ฀w฀i฀t฀h฀ ฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀a฀n฀d฀ ฀t฀h฀u฀s฀ ฀d฀o฀e฀s฀ ฀n฀o฀t฀ ฀a฀f฀f฀e฀c฀t฀ t h e  r e u฀l฀t . F i n a l y ,  7 
฀i฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀ ฀s฀t฀r฀u฀c฀t฀u฀r฀e฀,฀ ฀t฀h฀e฀r฀e฀ ฀i฀s฀ ฀s฀c฀o฀p฀e฀ ฀t฀o฀ ฀u฀s฀e฀ ฀m฀o฀r฀e฀ ฀a฀d฀v฀a฀n฀c฀e฀d฀ ฀m฀o฀d฀e฀l  s t r u c t u฀r e s  ( e฀. g฀.  8 
฀t฀r฀e฀a฀t฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀a฀s฀ ฀a฀ ฀l฀a฀t฀e฀n฀t฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀ ฀f฀o฀r฀ ฀i฀n฀s฀t฀a฀n฀c฀e฀)฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀e฀n฀hn c e  t h e  m฀o฀d฀e฀l฀s฀ ฀w i t h  ‘ l฀i฀f฀e฀ 9 
฀s฀t฀r฀e฀s฀s’  ฀a฀n฀d฀ ฀‘฀t฀r฀a฀i฀t฀ ฀s฀t฀r฀e฀s฀s฀’฀ d a t a฀.  D฀e฀v฀e฀l฀o฀p฀m฀e฀n฀t฀ ฀o฀f฀ ฀o฀t฀h฀e฀r฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀ ฀m฀o฀d฀e฀l฀s฀ ฀(฀s฀i฀g฀n฀a฀l฀ 10 
฀v฀i฀o฀l฀a฀t฀i฀o฀n฀,฀ ฀o฀v฀e฀r฀t฀a฀k฀i฀n฀g฀)฀ ฀a฀n฀d฀ ฀c฀r฀o฀s฀s฀-฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀s฀t฀r฀e฀s฀s฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀a฀c฀r฀o฀s฀s฀ ฀s฀c฀e฀n฀a฀r฀i฀o฀s฀ ฀w฀i฀ll฀ ฀a฀l฀s฀o฀ 11 
฀b฀e฀ ฀a฀n฀ ฀i฀n฀t฀e฀r฀e฀s฀t฀i฀n฀g฀ ฀d฀i฀r฀e฀c฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀f฀u฀t฀u฀r฀e฀ ฀r฀e฀s฀e฀a฀r฀c฀h฀. 12 
 13 
฀I฀n฀ ฀t฀e฀r฀m฀s฀ ฀o฀f฀ ฀p฀r฀a฀c฀t฀i฀c฀a฀l฀ ฀a฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀t฀h฀e฀ ฀m฀o฀d฀e฀l฀s฀ ฀f฀o฀r฀ ฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n฀,฀ ฀t฀h฀e฀ ฀c฀h฀a฀l฀l฀e฀n g e  l i฀e฀s  ฀i฀n฀ ฀i฀n฀f฀e฀r฀r i n g  14 
฀t฀h฀e฀ ฀p฀r฀e฀s฀e฀n฀c฀e฀ ฀o฀f฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀a฀n฀d฀/฀o฀r฀ ฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀i฀n฀ ฀r฀e฀a฀l฀-฀l฀i฀f฀e฀ ฀d฀r฀i฀v฀i฀n฀g.  H o฀w฀e฀v฀e฀r฀,฀ ฀w฀i฀t฀h฀ 15 
฀a฀d฀v฀a฀n฀c฀e฀s฀ ฀i฀n฀ ฀u฀b฀i฀q฀u฀i฀t฀o฀u฀s฀ ฀c฀o฀m฀p฀u฀t฀i฀n฀g฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀,฀ ฀i฀t฀ ฀i฀s฀ ฀n฀o฀w฀ ฀b฀e฀c฀o฀m฀i฀n฀g฀ ฀f฀e฀a฀s฀i฀b฀l฀e฀ t฀o฀ m฀e a s u฀r฀e฀ 16 
฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀i฀n฀ ฀a฀ ฀v฀e฀r฀y฀ ฀n฀o฀n฀-฀i฀n฀t฀r฀u฀s฀i฀v฀e฀ ฀m฀a฀n฀n฀e฀r฀ ฀–฀ ฀w฀e฀a฀r฀a฀b฀l฀e฀ ฀w฀r฀i฀s฀t฀b฀a฀n฀d฀s฀ ฀(a s฀ ฀u฀s฀e฀d  i฀n฀ ฀t฀h฀i฀s฀ s t u d y )  17 
฀a฀n฀d฀ ฀s฀m฀a฀r฀t฀p฀h฀o฀n฀e฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀t฀h฀a฀t฀ ฀c฀a฀n฀ ฀d฀e฀t฀e฀c฀t฀ ฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀f฀r฀o฀m฀ ฀p฀i฀t฀c฀h฀ ฀a฀n฀d  i฀n฀t฀e r฀v a฀l฀s฀ ฀o฀f฀ ฀v฀o i฀c e  18 
฀c฀o฀n฀v฀e฀r฀s฀a฀t฀i฀o฀n฀s฀ ฀(฀S฀h฀a฀r฀m฀a฀ ฀a฀n฀d฀ ฀G฀e฀d฀e฀o฀n฀ ฀2฀0฀1฀2฀,฀ ฀L฀u฀ ฀e฀t฀ ฀a฀l฀.฀ ฀2฀0฀1฀2฀)฀.฀ ฀G฀i฀v฀e฀n฀ ฀t฀h฀e฀ ฀e฀x฀t฀r฀e฀m฀e฀l฀y฀ ฀st฀e฀e฀p฀ 19 
฀g฀r฀o฀w฀t฀h฀ ฀r฀a฀t฀e฀ ฀o฀f฀ ฀w฀e฀a฀r฀a฀b฀l฀e฀s฀ ฀a฀n฀d฀ ฀s฀m฀a฀r฀t฀p฀h฀o฀n฀e฀s฀,฀ ฀a฀s฀ ฀w฀e฀l฀l฀ ฀a฀s฀ ฀a฀d฀v฀e฀n฀t฀ ฀o฀f฀ ฀s฀e฀m฀i฀-฀a฀u฀t฀o฀n฀o฀m฀o u s฀ ฀c฀a฀r฀s฀ 20 
฀(฀w฀h฀i฀c฀h฀ ฀h฀a฀v฀e฀ ฀a฀ ฀w฀i฀d฀e฀ ฀r฀a฀n฀g฀e฀ ฀o฀f฀ ฀s฀e฀n฀s฀o฀r฀s฀ ฀f฀o฀r฀ ฀i฀n฀f฀e฀r฀r฀i฀n฀g฀ ฀t฀h฀e฀ ฀s฀u฀r฀r฀o฀u฀n฀d฀i฀n฀g฀ ฀t฀r฀a฀f฀f฀i฀c฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀)฀,฀ ฀i฀t  i s  21 
฀l฀i฀k฀e฀l฀y฀ ฀t฀o฀ ฀b฀e฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀i฀n฀ ฀n฀e฀a฀r฀ ฀f฀u฀t฀u฀r฀e฀ ฀t฀o฀ ฀e฀s฀t฀a฀b฀l฀i฀s฀h฀ ฀s฀o฀p฀h฀i฀s฀t฀i฀c฀a฀t฀e฀d฀ ฀m฀o฀d฀e฀l฀s฀ t o  ฀s฀e฀n s e  s t r฀e s s  l฀e฀v e l฀s  22 
฀o฀f฀ ฀t฀h฀e฀ ฀d฀r฀i฀v฀e฀r฀ ฀a฀n฀d฀ ฀c฀o฀r฀r฀e฀l฀a฀t฀e฀ ฀i฀t฀ ฀w฀i฀t฀h฀ ฀p฀o฀t฀e฀n฀t฀i฀a฀l฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀i฀n฀g฀ ฀f฀a฀c฀t฀o฀r฀s฀.฀ ฀S฀u฀c฀h฀ ฀p฀r฀e฀d฀i฀c฀t฀i฀o฀n  ฀m o d e฀l s  f o r  23 
฀s฀t฀r฀e฀s฀s฀ ฀l฀e฀v฀e฀l฀s฀ ฀i฀n฀ ฀r฀e฀a฀l฀-฀w฀o฀r฀l฀d฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀ ฀w฀i฀l฀l฀ ฀b฀e฀ ฀v฀e฀r฀y฀ ฀u฀s฀e฀f฀u฀l฀ ฀i฀n฀ ฀w฀i฀d฀e฀s฀p฀r฀e฀a฀d฀ ฀a฀p฀p฀l฀i c฀a฀t฀i฀o฀n฀s฀ o฀f฀ ฀t฀h฀e฀ 24 
฀p฀r฀o฀p฀o฀s฀e฀d฀ ฀m฀o฀d฀e฀l฀.฀ ฀T฀h฀i฀s฀,฀ ฀c฀o฀u฀p฀l฀e฀d฀ ฀w฀i฀t฀h฀ ฀t฀h฀e฀ ฀a฀d฀v฀a฀n฀c฀e฀s฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀i฀e฀l฀d฀ ฀o฀f฀ ฀a฀r฀t฀i฀f฀i฀c฀i฀a฀l฀ ฀e฀m฀o฀t฀i฀o฀n฀a฀l฀ 25 
฀i฀n฀t฀e฀l฀l฀i฀g฀e฀n฀c฀e฀ ฀(฀E฀m฀o฀t฀i฀o฀n฀ ฀A฀I฀)฀ ฀w฀h฀i฀c฀h฀ ฀h฀a฀s฀ ฀m฀a฀d฀e฀ ฀i฀t฀ ฀p฀o฀s฀s฀i฀b฀l฀e฀ ฀t฀o฀ ฀d฀e฀v฀i฀c฀e฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀ti o n s  t฀o  ฀r฀e฀d u฀c฀e฀ 26 
฀s฀t฀r฀e฀s฀s฀ ฀(฀F฀l฀e฀t฀c฀h฀e฀r฀ ฀e฀t฀ ฀a฀l฀.฀ ฀2฀0฀1฀0฀,฀ ฀P฀i฀c฀a฀r฀d฀ ฀e฀t฀ ฀a฀l฀.฀ ฀2฀0฀1฀1฀)฀,฀ ฀c฀a฀n฀ ฀m฀a฀k฀e฀ ฀a฀ ฀s฀i฀g฀n฀i฀f฀ic a n t  c o n t r i b u t฀i฀o n  i n  27 
฀i฀n฀c฀r฀e฀a฀s฀i฀n฀g฀ ฀r฀o฀a฀d฀ ฀s฀a฀f฀e฀t฀y฀.฀ F or฀ ฀i฀n฀s฀t฀a฀n฀c฀e฀,฀ ฀a฀d v฀a฀n฀c฀e฀s฀ ฀i฀n฀ ฀v฀e฀h฀i฀c฀l฀e฀ ฀o฀p฀e฀r฀a฀t฀i฀o฀n฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀o฀f฀f฀e฀r฀ ฀t฀h฀e฀ 28 
฀o฀p฀p฀o฀r฀t฀u฀n฀i฀t฀y฀ ฀f฀o฀r฀ ฀d฀e฀s฀i฀g฀n฀i฀n฀g฀ ฀i฀n฀t฀e฀r฀v฀e฀n฀t฀i฀o฀n฀s฀ ฀t฀o w฀a฀r฀n฀/฀a฀d฀v฀i฀s e  ฀d฀r฀i฀v฀e฀r฀s฀,฀ ฀l฀i m฀i฀t฀ ฀a฀c฀c฀e฀l฀e฀r฀a฀t฀i฀o฀n฀-฀ 29 
฀d฀e฀c฀e฀l฀e฀r฀a฀t฀i฀o฀n฀ ฀c฀a฀p฀a฀b฀i฀l฀i฀t฀i฀e฀s฀,฀ ฀i฀n฀t฀r฀o฀d฀u฀c฀e฀ ฀c฀a฀l฀m฀i฀n฀g฀ ฀m฀e฀a฀s฀u฀r฀e฀s฀ ฀a฀n฀d฀ ฀e฀v฀e฀n฀ ฀t฀a฀k฀e฀ ฀o฀v฀e฀r฀ ฀f฀u฀l฀l฀ ฀c฀o฀n฀t฀r o฀l฀ o฀f  t฀h฀e  30 
฀v฀e฀h฀i฀c฀l฀e฀.฀ ฀T฀h฀e฀ ฀p฀r฀o฀p฀e฀r฀ ฀v฀a฀l฀u฀e฀ ฀a฀d฀d฀i฀t฀i฀o฀n฀ ฀o฀f฀ ฀s฀u฀c฀h฀ ฀n฀o฀v฀e฀l฀ ฀t฀e฀c฀h฀n฀o฀l฀o฀g฀i฀e฀s฀ ฀r฀e฀q฀u฀i฀r฀e฀s฀ ฀q฀u฀a฀n฀t฀i฀f฀i฀c฀a฀t฀i฀o฀n฀ ฀o฀f฀ t฀h฀e฀ 31 
฀s฀a฀f฀e฀t฀y฀ ฀i฀m฀p฀a฀c฀t฀s฀ ฀o฀f฀ ฀s฀t฀r฀e฀s฀s฀.฀ ฀O฀u฀r฀ ฀m฀o฀d฀e฀l฀s฀ ฀c฀a฀n฀ ฀b฀e฀ ฀u฀s฀e฀d฀ ฀f฀o฀r฀ ฀s฀u฀c฀h฀ ฀e฀v฀a฀l฀u฀a฀t฀i฀o฀n฀s ฀a฀n d / o฀r  ฀s฀u฀b s e q u e n t  32 
฀w฀i฀l฀l฀i฀n฀g฀n฀e฀s฀s฀-t o- p a฀y฀.฀ ฀A฀p฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀m฀a฀y฀ ฀b฀e฀ ฀a฀l฀s฀o฀ ฀e฀x฀t฀e฀n฀d฀e฀d฀ ฀i฀n฀ ฀t฀h฀e฀ ฀f฀i฀e฀l฀d฀ ฀o฀f฀ ฀m฀i฀c฀r฀o฀s฀i฀m฀u฀l฀a฀t฀i o n฀ ฀t฀o฀ 33 
฀c฀a฀p฀t฀u฀r฀e฀ ฀a฀n฀d฀ ฀b฀e฀t฀t฀e฀r฀ ฀r฀e฀f฀l฀e฀c฀t฀ ฀d฀r฀i฀v฀e฀r฀ ฀h฀e฀t฀e฀r฀o฀g฀e฀n฀e฀i฀t฀y฀.฀ ฀F฀o฀r฀ ฀e฀x฀a฀m฀p฀l฀e฀,฀ ฀t฀h฀e฀r฀e฀ ฀a฀r฀e฀ ฀e฀m฀e฀r฀g฀i฀n฀g฀ 34 
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฀t฀h฀e฀i฀r฀ ฀a฀c฀c฀u฀r฀a฀c฀y฀. 39 
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OLWHUDWXUH฀, ฀(฀3฀)฀,฀ ฀5฀-฀9฀. 16 
฀A฀s฀h฀t฀o฀n฀,฀ ฀W฀.฀ ฀D฀.฀ ฀(฀1฀9฀7฀1฀)฀.฀ ฀G฀a฀p฀-฀a c฀c e฀p t a n c e  ฀p r o b l e฀m฀s฀ ฀a฀t฀ ฀a฀ ฀t฀r฀a฀f฀f฀i฀c฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀. $SSOLHG6WDWLVWLFV ,  17 
฀1฀3฀0฀-฀1฀3฀8฀. 18 
฀A฀s฀h฀w฀o฀r฀t฀h฀,฀ ฀R฀.฀ ฀(฀1฀9฀6฀9฀)฀.฀ ฀T฀h฀e฀ ฀c฀a฀p฀a฀c฀i฀t฀y฀ ฀o฀f฀ ฀p฀r฀i฀o฀r฀i฀t฀y฀-฀t฀y฀p฀e฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀ ฀w฀i฀t฀h฀ ฀a฀ ฀n฀o฀n฀- u n i f o฀r m฀ 19 
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฀A฀d฀n฀a฀n฀,฀ ฀M฀.฀,฀ ฀P฀e฀r฀e฀i฀r฀a฀,฀ ฀F฀.฀C฀.฀,฀ ฀A฀z฀e฀v฀e฀d฀o฀,฀ ฀C฀.฀M฀.฀L฀.฀,฀ ฀B฀a฀s฀a฀k฀,฀ ฀K฀.฀,฀ ฀L฀o฀v฀r฀i฀c฀,฀ ฀M฀.฀,฀ ฀R฀a฀v฀e฀a฀u฀,฀ ฀S฀.฀,฀ ฀Z฀h฀u฀,฀ ฀Y฀.฀,฀ 21 
฀F฀e฀r฀r฀e฀i฀r฀a฀,฀ ฀J฀.฀,฀ ฀Z฀e฀g฀r฀a฀s฀,฀ ฀C฀.฀ ฀a฀n฀d฀ ฀B฀e฀n฀-฀A฀k฀i฀v฀a฀,฀ ฀M฀.฀,฀ ฀2฀0฀1฀6฀.฀ ฀S฀i฀m฀m฀o฀b฀i฀l฀i฀t฀y฀:฀ ฀A฀ ฀m฀u฀l฀t฀i฀- s c a l e  ฀i฀n฀t฀e฀g฀r฀a฀t฀e฀d  22 
฀a฀g฀e฀n฀t฀-฀b฀a฀s฀e฀d฀ ฀s฀i฀m฀u฀l฀a฀t฀i฀o฀n฀ ฀p฀l฀a฀t฀f฀o฀r฀m฀.฀ ฀I฀n฀ ฀9฀5฀t฀h฀ ฀A฀n฀n฀u฀a฀l฀ ฀M฀e฀e฀t฀i฀n฀g฀ ฀o฀f฀ ฀t฀h฀e฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀a฀t฀i฀o฀n฀ R฀e฀s฀e a฀r฀c฀h฀ 23 
฀B฀o฀a฀r฀d฀ ฀F฀o฀r฀t฀h฀c฀o฀m฀i฀n฀g฀ ฀i฀n฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀a฀t฀i฀o฀n฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀R฀e฀c฀o฀r฀d฀. 24 
฀B฀a฀r฀c฀e฀l฀ó฀,฀ ฀J฀.฀ ฀(฀2฀0฀1฀0฀)฀. )XQGDPHQWDOV RI WUDIILF VLPXODWLRQ ฀(฀V฀o฀l฀.฀ ฀1฀4฀5฀,฀ ฀p฀.฀ ฀4฀3฀9฀)฀.฀ ฀N฀e฀w฀ ฀Y฀o฀r฀k฀:฀ 25 
฀S฀p฀r฀i฀n฀g฀e฀r฀. 26 
฀B฀e฀n฀-฀A฀k฀i฀v฀a฀,฀ ฀M฀.฀ ฀E฀.฀,฀ ฀&฀ ฀L฀e฀r฀m฀a฀n฀,฀ ฀S฀.฀ ฀R฀.฀ ฀(฀1฀9฀8฀5฀)฀. 'LVFUHWH FKRLFH DQDO\VLV WKHRU\ DQG27 
DSSOLFDWLRQWRWUDYHOGHPDQG ฀(฀V฀o฀l฀.฀ ฀9฀)฀.฀ ฀M฀I฀T฀ ฀p฀r฀e฀s฀s฀. 28 
฀B฀e฀n฀e฀d฀e฀k฀,฀ ฀M฀.฀,฀ ฀&฀ ฀K฀a฀e฀r฀n฀b฀a฀c฀h฀,฀ ฀C฀.฀ ฀(฀2฀0฀1฀0฀)฀.฀ ฀A฀ ฀c฀o฀n฀t฀i฀n฀u฀o฀u฀s฀ ฀m฀e฀a฀s฀u฀r฀e฀ ฀o฀f฀ ฀p฀h฀a฀s฀i฀c฀ ฀e฀l฀e฀c฀t฀r฀o฀d฀e฀r฀m฀a฀l฀ 29 
฀a฀c฀t฀i฀v฀i฀t฀y฀. -RXUQDORIQHXURVFLHQFHPHWKRGV฀, ฀(฀1฀)฀,฀ ฀8฀0฀-฀9฀1฀. 30 
฀B฀e฀n̺ S฀h฀a฀k฀h฀a฀r฀,฀ ฀G฀.฀ ฀(฀1฀9฀8฀5฀)฀.฀ ฀S฀t฀a฀n฀d฀a฀r฀d฀i฀z฀a฀t฀i฀o฀n฀ ฀w฀i฀t฀h฀i฀n฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀s฀:฀ ฀A฀ ฀s฀i฀m฀p฀l฀e฀ ฀m฀e฀t฀h฀o฀d฀ ฀t฀o฀ 31 
฀n฀e฀u฀t฀r฀a฀l฀i฀z฀e฀ ฀i฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀s฀k฀i฀n฀ ฀c฀o฀n฀d฀u฀c฀t฀a฀n฀c฀e฀. 3V\FKRSK\VLRORJ\ ,  ( 3 ) ,  ฀2 9 2 - 2 9฀9฀.32 
฀B฀o฀t฀t฀o฀m฀,฀ ฀C฀.฀ ฀G฀.฀,฀ ฀&฀ ฀A฀s฀h฀w฀o฀r฀t฀h฀,฀ ฀R฀.฀ ฀(฀1฀9฀7฀8฀)฀.฀ ฀F฀a฀c฀t฀o฀r฀s฀ ฀a฀f฀f฀e฀c฀t฀i฀n฀g฀ ฀t฀h฀e฀ ฀v฀a฀r฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀d฀r฀i฀v฀er  g a฀p฀-33 
฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀. (UJRQRPLFV฀, ฀(฀9฀)฀,฀ ฀7฀2฀1฀-฀7฀3฀4฀.34 
฀B฀r฀i฀l฀o฀n฀,฀ ฀W฀.฀,฀ ฀K฀o฀e฀n฀i฀g฀,฀ ฀R฀.฀,฀ ฀&฀ ฀T฀r฀o฀u฀t฀b฀e฀c฀k฀,฀ ฀R฀.฀ ฀J฀.฀ ฀(฀1฀9฀9฀9฀)฀.฀ ฀U฀s฀e฀f฀u฀l฀ ฀e฀s฀t฀i฀m฀a฀t฀i฀o฀n฀ ฀p฀r฀o฀c฀e฀d฀u฀r฀e฀s฀ ฀f฀o฀r฀ c r i t i฀c฀a฀l฀ 35 
฀g฀a฀p฀s฀. 7UDQVSRUWDWLRQ5HVHDUFK3DUW$3ROLF\DQG3UDFWLFH฀, ฀(฀3฀)฀,฀ ฀1฀6฀1฀-฀1฀8฀6฀.36 
฀C฀a฀c฀i฀o฀p฀p฀o฀,฀ ฀J฀.฀ ฀T฀.฀,฀ ฀T฀a฀s฀s฀i฀n฀a฀r฀y฀,฀ ฀L฀.฀ ฀G฀.฀,฀ ฀&฀ ฀B฀e฀r฀n฀t฀s฀o฀n฀,฀ ฀G฀.฀ ฀(฀E฀d฀s฀.฀)฀.฀ ฀(฀2฀0฀0฀7฀)฀. +DQGERRN RI37 
SV\FKRSK\VLRORJ\฀.฀ ฀C฀a฀m฀b฀r฀i฀d฀g฀e฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀P฀r฀e฀s฀s฀. 38 
฀C฀h฀o฀i฀c฀e฀ ฀M฀o฀d฀e฀l฀l฀i฀n฀g฀ ฀C฀e฀n฀t฀r฀e฀,฀ ฀U฀n฀i฀v฀e฀r฀s฀i฀t฀y฀ ฀o฀f฀ ฀L฀e฀e฀d฀s฀.฀ ฀U฀R฀L฀:฀ ฀h฀t฀t฀p฀s฀:฀/฀/฀c฀m฀c฀.฀l฀e฀e฀d฀s฀.฀a฀c฀.฀u฀k฀/ 39 
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฀C฀h฀o฀u฀d฀h฀u฀r฀y฀,฀ ฀C฀.฀ ฀F฀.฀ ฀(฀2฀0฀0฀7฀)฀. 0RGHOLQJ GULYLQJ GHFLVLRQV ZLWK ODWHQW SODQV ฀(฀D฀o฀c฀t฀o฀r฀a฀l฀ 1 
฀d฀i฀s฀s฀e฀r฀t฀a฀t฀i฀o฀n฀,฀ ฀M฀a฀s฀s฀a฀c฀h฀u฀s฀e฀t฀t฀s฀ ฀I฀n฀s฀t฀i฀t฀u฀t฀e฀ ฀o฀f฀ ฀T฀e฀c฀h฀n฀o฀l฀o฀g฀y฀)฀. 2 
฀C฀l฀a฀p฀p฀,฀ ฀J฀.฀ ฀D฀.฀,฀ ฀O฀l฀s฀e฀n฀,฀ ฀S฀.฀ ฀A฀.฀,฀ ฀D฀a฀n฀o฀f฀f฀-฀B฀u฀r฀g฀,฀ ฀S฀.฀,฀ ฀H฀a฀g฀e฀w฀o฀o฀d฀,฀ ฀J฀.฀ ฀H฀.฀,฀ ฀H฀i฀c฀k฀l฀i฀n฀g฀,฀ ฀E฀.฀ ฀J฀.฀,฀ ฀H฀wa฀n฀g฀,฀ ฀V฀.฀ ฀S฀. ,  3 
฀&฀ ฀B฀e฀c฀k฀,฀ ฀J฀.฀ ฀G฀.฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀F฀a฀c฀t฀o฀r฀s฀ ฀c฀o฀n฀t฀r฀i฀b฀u฀t฀i฀n฀g฀ ฀t฀o฀ ฀a฀n฀x฀i฀o฀u฀s฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀:฀ ฀T฀h฀e฀ ฀r฀o฀l฀e฀ ฀o฀f฀ ฀s฀t฀r฀e฀s฀s฀ 4 
฀h฀i฀s฀t฀o฀r฀y฀ ฀a฀n฀d฀ ฀a฀c฀c฀i฀d฀e฀n฀t฀ ฀s฀e฀v฀e฀r฀i฀t฀y฀. -RXUQDORIDQ[LHW\GLVRUGHUV฀,  ( 4 ) ,฀ ฀5 9 2 -฀5฀9฀8฀.5 
฀D฀e฀ ฀W฀i฀n฀t฀e฀r฀,฀ ฀J฀.฀ ฀C฀.฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀U฀s฀i฀n฀g฀ ฀t฀h฀e฀ ฀S฀t฀u฀d฀e฀n฀t฀'฀s฀ ฀t฀-฀t฀e฀s฀t฀ ฀w฀i฀t฀h฀ ฀e฀x฀t฀r฀e฀m฀e฀l฀y฀ ฀s฀m฀a l l฀ ฀s฀a฀m p l฀e฀ 6 
฀s฀i฀z฀e฀s฀. 3UDFWLFDO$VVHVVPHQW5HVHDUFK	(YDOXDWLRQ฀, ฀(฀1฀0฀)฀. 7 
฀E฀m฀p฀a฀t฀i฀c฀a฀,฀ ฀h฀t฀t฀p฀s฀:฀/฀/฀w฀w฀w฀.฀e฀m฀p฀a฀t฀i฀c฀a฀.฀c฀o฀m฀/ 8 
฀F฀i฀t฀z฀p฀a฀t฀r฀i฀c฀k฀,฀ ฀K฀.฀ ฀(฀1฀9฀9฀1฀)฀.฀ ฀G฀a฀p฀s฀ ฀a฀c฀c฀e฀p฀t฀e฀d฀ ฀a฀t฀ ฀s฀t฀o฀p฀-฀c฀o฀n฀t฀r฀o฀l฀l฀e฀d฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀. 7UDQVSRUWDWLRQ9 
5HVHDUFK5HFRUG฀, ฀,฀ ฀1฀0฀3฀-฀1฀1฀2฀. 10 
฀F฀a฀r฀a฀h฀,฀ ฀H฀.฀,฀ ฀B฀e฀k฀h฀o฀r฀,฀ ฀S฀.฀,฀ ฀P฀o฀l฀u฀s฀,฀ ฀A฀.฀ ฀a฀n฀d฀ ฀T฀o฀l฀e฀d฀o฀,฀ ฀T฀.฀,฀ ฀2฀0฀0฀9฀.฀ ฀A฀ ฀p฀a฀s฀s฀i฀n฀g฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀mo d฀e l  f o r  11 
฀t฀w฀o฀-฀l฀a฀n฀e฀ ฀r฀u฀r฀a฀l฀ ฀h฀i฀g฀h฀w฀a฀y฀s฀.฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀m฀e฀t฀r฀i฀c฀a฀,฀ ฀5฀(฀3฀)฀,฀ ฀p฀p฀.฀1฀5฀9฀-฀1฀7฀2฀. 12 
฀F฀a฀r฀a฀h฀,฀ ฀H฀.฀,฀ ฀&฀ ฀K฀o฀u฀t฀s฀o฀p฀o฀u฀l฀o฀s฀,฀ ฀H฀.฀ ฀N฀.฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀D฀o฀ ฀c฀o฀o฀p฀e฀r฀a฀t฀i฀v฀e฀ ฀s฀y฀s฀t฀e฀m฀s฀ ฀m฀a฀k฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀’  c a r -13 
฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀s฀a฀f฀e฀r฀?฀. 7UDQVSRUWDWLRQUHVHDUFKSDUW&HPHUJLQJWHFKQRORJLHV฀, ฀,฀ ฀6฀1฀-14 
฀7฀2฀. 15 
฀F฀l฀e฀t฀c฀h฀e฀r฀,฀ ฀R฀.฀ ฀R฀.฀,฀ ฀D฀o฀b฀s฀o฀n฀,฀ ฀K฀.฀,฀ ฀G฀o฀o฀d฀w฀i฀n฀,฀ ฀M฀.฀ ฀S฀.฀,฀ ฀E฀y฀d฀g฀a฀h฀i฀,฀ ฀H฀.฀,฀ ฀W฀i฀l฀d฀e฀r฀-฀S฀m฀i฀t฀h฀,฀ ฀O฀.฀,฀ ฀F฀e฀r฀n฀h฀o฀l฀z,฀ 16 
฀D฀.฀,฀ ฀.฀.฀.฀ ฀&฀ ฀P฀i฀c฀a฀r฀d฀,฀ ฀R฀.฀ ฀W฀.฀ ฀(฀2฀0฀1฀0฀)฀.฀ ฀i฀C฀a฀l฀m฀:฀ ฀W฀e฀a฀r฀a฀b฀l฀e฀ ฀s฀e฀n฀s฀o฀r฀ ฀a฀n฀d฀ ฀n฀e฀t฀w฀o฀r฀k฀ ฀a฀r฀c฀h฀i฀t฀e฀c฀t฀u฀r฀e฀ f฀o r฀ 17 
฀w฀i฀r฀e฀l฀e฀s฀s฀l฀y฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀n฀g฀ ฀a฀n฀d฀ ฀l฀o฀g฀g฀i฀n฀g฀ ฀a฀u฀t฀o฀n฀o฀m฀i฀c฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀. ,((( 7UDQVDFWLRQV RQ18 
,QIRUPDWLRQ7HFKQRORJ\LQ%LRPHGLFLQH฀, ฀(฀2฀)฀,฀ ฀2฀1฀5฀-฀2฀2฀3฀.19 
฀G฀a฀r฀r฀i฀t฀y฀,฀ ฀R฀.฀ ฀D฀.฀,฀ ฀&฀ ฀D฀e฀m฀i฀c฀k฀,฀ ฀J฀.฀ ฀(฀2฀0฀0฀1฀)฀.฀ ฀R฀e฀l฀a฀t฀i฀o฀n฀s฀ ฀a฀m฀o฀n฀g฀ ฀p฀e฀r฀s฀o฀n฀a฀l฀i฀t฀y฀ ฀t฀r฀a฀i฀t฀s฀,฀ ฀m o o d฀ ฀s t a t฀e s ,  ฀a฀n฀d  20 
฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀s฀. -RXUQDORI$GXOW'HYHORSPHQW฀, ฀(฀2฀)฀,฀ ฀1฀0฀9฀-฀1฀1฀8฀. 21 
฀G฀e฀,฀ ฀Y฀.฀,฀ ฀Q฀u฀,฀ ฀W฀.฀,฀ ฀J฀i฀a฀n฀g฀,฀ ฀C฀.฀,฀ ฀D฀u฀,฀ ฀F฀.฀,฀ ฀S฀u฀n฀,฀ ฀X฀.฀,฀ ฀&฀ ฀Z฀h฀a฀n฀g฀,฀ ฀K฀.฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀T฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀ ฀o฀f฀ ฀s฀t฀r฀e฀s฀s฀ ฀a n d  22 
฀p฀e฀r฀s฀o฀n฀a฀l฀i฀t฀y฀ ฀o฀n฀ ฀d฀a฀n฀g฀e฀r฀o฀u฀s฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀a฀m฀o฀n฀g฀ ฀C฀h฀i฀n฀e฀s฀e฀ ฀d฀r฀i฀v฀e฀r฀s฀. $FFLGHQW$QDO\VLV	23 
3UHYHQWLRQ฀, ฀,฀ ฀3฀4฀-฀4฀0฀. 24 
฀G฀r฀e฀e฀n฀s฀h฀i฀e฀l฀d฀s฀,฀ ฀B฀.฀ ฀D฀.฀,฀ ฀S฀c฀h฀a฀p฀i฀r฀o฀,฀ ฀D฀.฀,฀ ฀&฀ ฀E฀r฀i฀c฀k฀s฀e฀n฀,฀ ฀E฀.฀ ฀L฀.฀ ฀(฀1฀9฀4฀6฀)฀. 7UDIILFSHUIRUPDQFHDWXUEDQ25 
VWUHHWLQWHUVHFWLRQV ฀(฀N฀o฀.฀ ฀T฀e฀c฀h฀ ฀R฀p฀t฀ ฀1฀)฀. 26 
฀G฀u฀l฀i฀a฀n฀,฀ ฀E฀.฀,฀ ฀M฀a฀t฀t฀h฀e฀w฀s฀,฀ ฀G฀.฀,฀ ฀G฀l฀e฀n฀d฀o฀n฀,฀ ฀A฀.฀ ฀I฀.฀,฀ ฀D฀a฀v฀i฀e฀s฀,฀ ฀D฀.฀ ฀R฀.฀,฀ ฀&฀ ฀D฀e฀b฀n฀e฀y฀,฀ ฀L฀.฀ ฀M฀.฀ ฀(฀1฀9฀8฀9฀)฀.฀ 27 
฀D฀i฀m฀e฀n฀s฀i฀o฀n฀s฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀ ฀s฀t฀r฀e฀s฀s฀. (UJRQRPLFV฀, ฀(฀6฀)฀,฀ ฀5฀8฀5 - 6 0 2 .28 
฀G฀u฀o฀,฀ ฀R฀.฀ ฀J฀.฀,฀ ฀W฀a฀n฀g฀,฀ ฀X฀.฀ ฀J฀.฀,฀ ฀&฀ ฀W฀a฀n฀g฀,฀ ฀W฀.฀ ฀X฀.฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀E฀s฀t฀i฀m฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀c฀r฀i฀t฀i฀c฀a฀l฀ ฀g฀a฀p฀ ฀b฀a฀s฀e฀d฀ ฀o฀n฀ R฀a฀f f฀' s  29 
฀d฀e฀f฀i฀n฀i฀t฀i฀o฀n฀. &RPSXWDWLRQDOLQWHOOLJHQFHDQGQHXURVFLHQFH฀, ฀,฀ ฀1฀6฀.30 
฀H฀a฀l฀t฀o฀n฀,฀ ฀J฀.฀ ฀H฀.฀ ฀(฀1฀9฀6฀0฀)฀.฀ ฀O฀n฀ ฀t฀h฀e฀ ฀e฀f฀f฀i฀c฀i฀e฀n฀c฀y฀ ฀o฀f฀ ฀c฀e฀r฀t฀a฀i฀n฀ ฀q฀u฀a฀s฀i฀-฀r฀a฀n฀d฀o฀m฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀s฀ ฀o฀f฀ ฀p฀o฀in t s  i n  31 
฀e฀v฀a฀l฀u฀a฀t฀i฀n฀g฀ ฀m฀u฀l฀t฀i฀-฀d฀i฀m฀e฀n฀s฀i฀o฀n฀a฀l฀ ฀i฀n฀t฀e฀g฀r฀a฀l฀s฀. 1XPHULVFKH0DWKHPDWLN฀, ฀( 1฀)฀,  8 4฀-฀9฀0฀. 32 
฀H฀e฀a฀l฀e฀y฀,฀ ฀J฀.฀ ฀A฀.฀,฀ ฀&฀ ฀P฀i฀c฀a฀r฀d฀,฀ ฀R฀.฀ ฀W฀.฀ ฀(฀2฀0฀0฀5฀)฀.฀ ฀D฀e฀t฀e฀c฀t฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀d฀u฀r฀i฀n฀g฀ ฀r฀e฀a฀l฀-฀w฀o฀r฀l฀d฀ ฀d฀r฀i฀v฀i฀n฀g  ฀t฀a฀s฀k฀s฀ ฀u฀s฀i฀n฀g฀ 33 
฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀e฀n฀s฀o฀r฀s฀. ,(((7UDQVDFWLRQVRQLQWHOOLJHQWWUDQVSRUWDWLRQV\VWHPV฀, ฀(฀2฀)฀,฀ ฀1฀5฀6฀-34 
฀1฀6฀6฀. 35 
฀H฀e฀n฀n฀e฀s฀s฀y฀,฀ ฀D฀.฀ ฀A฀.฀,฀ ฀&฀ ฀W฀i฀e฀s฀e฀n฀t฀h฀a฀l฀,฀ ฀D฀.฀ ฀L฀.฀ ฀(฀1฀9฀9฀9฀)฀.฀ ฀T฀r฀a฀f฀f฀i฀c฀ ฀c฀o฀n฀g฀e฀s฀t฀i฀o฀n฀,฀ ฀d฀r฀i฀v฀e฀r฀ ฀s฀t฀r฀e฀s฀s฀,฀ a฀n฀d฀ ฀d฀r฀i฀v฀e฀r฀ 36 
฀a฀g฀g฀r฀e฀s฀s฀i฀o฀n฀. $JJUHVVLYHEHKDYLRU฀, ฀(฀6฀)฀,฀ ฀4฀0฀9฀-฀4฀2฀3฀.37 
฀H฀i฀l฀l฀,฀ ฀J฀.฀ ฀D฀.฀,฀ ฀&฀ ฀B฀o฀y฀l฀e฀,฀ ฀L฀.฀ ฀N฀.฀ ฀(฀2฀0฀0฀7฀)฀.฀ ฀D฀r฀i฀v฀e฀r฀ ฀s฀t฀r฀e฀s฀s฀ ฀a฀s฀ ฀i฀n฀f฀l฀u฀e฀n฀c฀e฀d฀ ฀b฀y฀ ฀d฀r฀i฀v฀i฀ng฀ ฀m a฀n฀e u v e฀r฀s฀ a n฀d฀ 38 
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฀r฀o฀a฀d฀w฀a฀y฀ ฀c฀o฀n฀d฀i฀t฀i฀o฀n฀s฀. 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW ) 7UDIILF 3V\FKRORJ\ DQG1 
%HKDYLRXU฀, ฀(฀3฀)฀,฀ ฀1฀7฀7฀-฀1฀8฀6฀.2 
฀H฀o฀o฀g฀e฀n฀d฀o฀o฀r฀n฀,฀ ฀R฀.฀,฀ ฀H฀o฀o฀g฀e฀n฀d฀o฀o฀r฀n฀,฀ ฀S฀.฀,฀ ฀B฀r฀o฀o฀k฀h฀u฀i฀s฀,฀ ฀K฀.฀,฀ ฀&฀ ฀D฀a฀a฀m฀e฀n฀,฀ ฀W฀.฀ ฀(฀2฀0฀1฀0฀)฀.฀ ฀M฀e฀n฀t฀a฀l฀ 3 
฀w฀o฀r฀k฀l฀o฀a฀d฀,฀ ฀l฀o฀n฀g฀i฀t฀u฀d฀i฀n฀a฀l฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀,฀ ฀a฀n฀d฀ ฀a฀d฀e฀q฀u฀a฀c฀y฀ ฀o฀f฀ ฀c฀a฀r฀-฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀m฀o฀d฀e฀l฀s฀ ฀f฀o฀r฀ 4 
฀i฀n฀c฀i฀d฀e฀n฀t฀s฀ ฀i฀n฀ ฀a฀n฀o฀t฀h฀e฀r฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀l฀a฀n฀e฀. 7UDQVSRUWDWLRQ 5HVHDUFK 5HFRUG -RXUQDO RI WKH5 
7UDQVSRUWDWLRQ5HVHDUFK%RDUG฀,฀ ฀(฀2฀1฀8฀8฀)฀,฀ ฀6฀4฀-฀7฀3฀. 6 
฀J฀a฀m฀s฀o฀n฀,฀ ฀S฀.฀,฀ ฀L฀a฀i฀,฀ ฀F฀.฀,฀ ฀&฀ ฀J฀a฀m฀s฀o฀n฀,฀ ฀H฀.฀ ฀(฀2฀0฀1฀0฀)฀.฀ ฀D฀r฀i฀v฀i฀n฀g฀ ฀s฀i฀m฀u฀l฀a฀t฀o฀r฀s฀ ฀f฀o฀r฀ ฀r฀o฀b฀u฀s฀t฀ ฀c฀o฀m฀p฀ar i฀s o n s :  A  7 
฀c฀a฀s฀e฀ ฀s฀t฀u฀d฀y฀ ฀e฀v฀a฀l฀u฀a฀t฀i฀n฀g฀ ฀r฀o฀a฀d฀ ฀s฀a฀f฀e฀t฀y฀ ฀e฀n฀g฀i฀n฀e฀e฀r฀i฀n฀g฀ ฀t฀r฀e฀a฀t฀m฀e฀n฀t฀s฀. $FFLGHQW $QDO\VLV 	8 
3UHYHQWLRQ฀, ฀(฀3฀)฀,฀ ฀9฀6฀1฀-฀9฀7฀1฀. 9 
฀J฀o฀n฀a฀h฀,฀ ฀B฀.฀ ฀A฀.฀ ฀(฀1฀9฀9฀0฀)฀.฀ ฀A฀g฀e฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀r฀i฀s฀k฀y฀ ฀d฀r฀i฀v฀i฀n฀g฀. +HDOWK(GXFDWLRQ5HVHDUFK ,  ( 2 ) ,฀ 10 
฀1฀3฀9฀-฀1฀4฀9฀. 11 
฀K฀a฀l฀i฀m฀e฀r฀i฀,฀ ฀K฀.฀,฀ ฀&฀ ฀S฀a฀i฀t฀i฀s฀,฀ ฀C฀.฀ ฀(฀2฀0฀1฀6฀,฀ ฀O฀c฀t฀o฀b฀e฀r฀)฀.฀ ฀E฀x฀p฀l฀o฀r฀i฀n฀g฀ ฀m฀u฀l฀t฀i฀m฀o฀d฀a฀l฀ ฀b฀i฀o฀s฀i฀g฀n฀a฀l฀ ฀f฀e฀a฀t฀u฀r e฀s฀ f o r  12 
฀s฀t฀r฀e฀s฀s฀ ฀d฀e฀t฀e฀c฀t฀i฀o฀n฀ ฀d฀u฀r฀i฀n฀g฀ ฀i฀n฀d฀o฀o฀r฀ ฀m฀o฀b฀i฀l฀i฀t฀y฀.฀ ฀I฀n 3URFHHGLQJV RI WKH WK $&0 ,QWHUQDWLRQDO13 
&RQIHUHQFHRQ0XOWLPRGDO,QWHUDFWLRQ ฀(฀p฀p฀.฀ ฀5฀3฀-฀6฀0฀)฀.฀ ฀A฀C฀M฀. 14 
฀K฀a฀r฀e฀n฀b฀a฀c฀h฀,฀ ฀C฀.฀ ฀(฀2฀0฀0฀5฀)฀.฀ ฀L฀e฀d฀a฀l฀a฀b฀-฀a฀ ฀s฀o฀f฀t฀w฀a฀r฀e฀ ฀p฀a฀c฀k฀a฀g฀e฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀p฀h฀a฀s฀i฀c฀ ฀e฀l฀e฀c฀t฀r o฀d฀e฀r฀m฀a฀l฀ 15 
฀a฀c฀t฀i฀v฀i฀t฀y฀. 7HFKQLFDO5HSRUW$OOJHPHLQH3V\FKRORJLH,QVWLWXWIU3V\FKRORJLH7HFK5HS 16 
฀K฀a฀t฀s฀i฀s฀,฀ ฀C฀.฀ ฀D฀.฀,฀ ฀K฀a฀t฀e฀r฀t฀s฀i฀d฀i฀s฀,฀ ฀N฀.฀ ฀S฀.฀,฀ ฀&฀ ฀F฀o฀t฀i฀a฀d฀i฀s฀,฀ ฀D฀.฀ ฀I฀.฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀A฀n฀ ฀i฀n฀t฀e฀g฀r฀a฀t฀e฀d฀ ฀s฀y฀s฀t฀e฀m  b a s e d  o n  17 
฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀f฀o฀r฀ ฀t฀h฀e฀ ฀a฀s฀s฀e฀s฀s฀m฀e฀n฀t฀ ฀o฀f฀ ฀a฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀s฀t฀a฀t฀e฀s฀ ฀i฀n฀ ฀p฀a฀t฀i฀e฀n฀t฀s฀ ฀w฀i฀t฀h฀ ฀a฀n฀x฀i฀e฀t y  18 
฀d฀i฀s฀o฀r฀d฀e฀r฀s฀. %LRPHGLFDO6LJQDO3URFHVVLQJDQG&RQWURO฀, ฀(฀3฀)฀,฀ ฀2฀6฀1฀-฀2฀6฀8฀.19 
฀K฀o฀n฀t฀o฀g฀i฀a฀n฀n฀i฀s฀,฀ ฀T฀.฀ ฀(฀2฀0฀0฀6฀)฀.฀ ฀P฀a฀t฀t฀e฀r฀n฀s฀ ฀o฀f฀ ฀d฀r฀i฀v฀e฀r฀ ฀s฀t฀r฀e฀s฀s฀ ฀a฀n฀d฀ ฀c฀o฀p฀i฀n฀g฀ ฀s฀t฀r฀a฀t฀e฀g฀i฀e฀s฀ ฀i฀n฀ ฀a฀ ฀G฀r฀ee k  s a m฀p฀l฀e฀ 20 
฀a฀n฀d฀ ฀t฀h฀e฀i฀r฀ ฀r฀e฀l฀a฀t฀i฀o฀n฀s฀h฀i฀p฀ ฀t฀o฀ ฀a฀b฀e฀r฀r฀a฀n฀t฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀s฀ ฀a฀n฀d฀ ฀t฀r฀a฀f฀f฀i฀c฀ ฀a฀c฀c฀i฀d฀e฀n฀t฀s฀. $FFLGHQW $QDO\VLV 	21 
3UHYHQWLRQ฀, ฀(฀5฀)฀,฀ ฀9฀1฀3฀-฀9฀2฀4฀.22 
฀K฀r฀a฀h฀é฀,฀ ฀B฀.฀,฀ ฀&฀ ฀F฀e฀n฀s฀k฀e฀,฀ ฀I฀.฀ ฀(฀2฀0฀0฀2฀)฀.฀ ฀P฀r฀e฀d฀i฀c฀t฀i฀n฀g฀ ฀a฀g฀g฀r฀e฀s฀s฀i฀v฀e฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀:฀ ฀T฀h฀e฀ ฀r฀o฀l฀e฀ ฀o฀f฀ ฀m฀a฀c฀h฀o฀ 23 
฀p฀e฀r฀s฀o฀n฀a฀l฀i฀t฀y฀,฀ ฀a฀g฀e฀,฀ ฀a฀n฀d฀ ฀p฀o฀w฀e฀r฀ ฀o฀f฀ ฀c฀a r. $JJUHVVLYH%HKDYLRU , ฀(฀1฀)฀,  ฀2฀1 - 2 9 . 24 
฀L฀u฀,฀ ฀H฀.฀,฀ ฀F฀r฀a฀u฀e฀n฀d฀o฀r฀f฀e฀r฀,฀ ฀D฀.฀,฀ ฀R฀a฀b฀b฀i฀,฀ ฀M฀.฀,฀ ฀M฀a฀s฀t฀,฀ ฀M฀.฀ ฀S฀.฀,฀ ฀C฀h฀i฀t฀t฀a฀r฀a฀n฀j฀a฀n฀,฀ ฀G฀.฀ ฀T฀.฀,฀ ฀C฀a฀m฀p฀b฀e฀ll฀,฀ ฀A฀.฀ ฀T฀.฀,฀ ฀.฀.฀.฀ 25 
฀&฀ ฀C฀h฀o฀u฀d฀h฀u฀r฀y฀,฀ ฀T฀.฀ ฀(฀2฀0฀1฀2฀,฀ ฀S฀e฀p฀t฀e฀m฀b฀e฀r฀)฀.฀ ฀S฀t฀r฀e฀s฀s฀s฀e฀n฀s฀e฀:฀ ฀D฀e฀t฀e฀c฀t฀i฀n฀g฀ ฀s฀t฀r฀e฀s฀s฀ ฀i฀n฀ ฀u฀n฀c฀o฀n฀s฀t฀r฀a฀i฀n฀e฀d฀ 26 
฀a฀c฀o฀u฀s฀t฀i฀c฀ ฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀s฀ ฀u฀s฀i฀n฀g฀ ฀s฀m฀a฀r฀t฀p฀h฀o฀n฀e฀s฀.฀ ฀I฀n 3URFHHGLQJVRIWKH$&0&RQIHUHQFHRQ27 
8ELTXLWRXV&RPSXWLQJ ฀(฀p฀p฀.฀ ฀3฀5฀1฀-฀3฀6฀0฀)฀.฀ ฀A฀C฀M฀. 28 
฀L฀y฀k฀k฀e฀n฀,฀ ฀D฀.฀ ฀T฀.฀ ฀(฀1฀9฀7฀2฀)฀.฀ ฀R฀a฀n฀g฀e฀ ฀c฀o฀r฀r฀e฀c฀t฀i฀o฀n฀ ฀a฀p฀p฀l฀i฀e฀d฀ ฀t฀o฀ ฀h฀e฀a฀r฀t฀ ฀r฀a฀t฀e฀ ฀a฀n฀d฀ ฀t฀o฀ ฀G฀S฀R฀ 29 
฀d฀a฀t฀a฀. 3V\FKRSK\VLRORJ\฀, ฀(฀3฀)฀,฀ ฀3฀7฀3฀-฀3฀7฀9฀.30 
฀M฀a฀a฀o฀u฀i฀,฀ ฀C฀.฀,฀ ฀&฀ ฀P฀r฀u฀s฀k฀i฀,฀ ฀A฀.฀ ฀(฀2฀0฀1฀0฀)฀.฀ ฀E฀m฀o฀t฀i฀o฀n฀ ฀r฀e฀c฀o฀g฀n฀i฀t฀i฀o฀n฀ ฀t฀h฀r฀o฀u฀g฀h฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀i฀g฀n฀a฀l฀s฀ ฀f฀o฀r฀ 31 
฀h฀u฀m฀a฀n฀-฀m฀a฀c฀h฀i฀n฀e฀ ฀c฀o฀m฀m฀u฀n฀i฀c฀a฀t฀i฀o฀n฀.฀ ฀I฀n &XWWLQJ(GJH5RERWLFV .  I฀n T e c h฀. 32 
฀M฀a฀h฀m฀a฀s฀s฀a฀n฀i฀,฀ ฀H฀.฀,฀ ฀&฀ ฀S฀h฀e฀f฀f฀i฀,฀ ฀Y฀.฀ ฀(฀1฀9฀8฀1฀)฀.฀ ฀U฀s฀i฀n฀g฀ ฀g฀a฀p฀ ฀s฀e฀q฀u฀e฀n฀c฀e฀s฀ ฀t฀o฀ ฀e฀s฀t฀i฀m฀a฀t฀e฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ 33 
฀f฀u฀n฀c฀t฀i฀o฀n฀s฀. 7UDQVSRUWDWLRQ5HVHDUFK3DUW%0HWKRGRORJLFDO฀, ฀(฀3฀)฀,฀ ฀1฀4฀3฀-฀1฀4฀8฀.34 
฀M฀a฀r฀c฀z฀a฀k฀,฀ ฀F฀.฀,฀ ฀D฀a฀a฀m฀e฀n฀,฀ ฀W฀.฀,฀ ฀&฀ ฀B฀u฀i฀s฀s฀o฀n฀,฀ ฀C฀.฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀K฀e฀y฀ ฀v฀a฀r฀i฀a฀b฀l฀e฀s฀ ฀o฀f฀ ฀m฀e฀r฀g฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀:฀ 35 
฀e฀m฀p฀i฀r฀i฀c฀a฀l฀ ฀c฀o฀m฀p฀a฀r฀i฀s฀o฀n฀ ฀b฀e฀t฀w฀e฀e฀n฀ ฀t฀w฀o฀ ฀s฀i฀t฀e฀s฀ ฀a฀n฀d฀ ฀a฀s฀s฀e฀s฀s฀m฀e฀n฀t฀ ฀o฀f฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a n c e฀ 36 
฀t฀h฀e฀o฀r฀y฀. 3URFHGLD6RFLDODQG%HKDYLRUDO6FLHQFHV฀, ฀,฀ ฀6฀7฀8฀-฀6฀9฀7฀. 37 
฀M฀a฀r฀k฀k฀u฀l฀a฀,฀ ฀G฀.฀ ฀M฀.฀,฀ ฀R฀o฀m฀a฀n฀o฀,฀ ฀R฀.฀,฀ ฀J฀a฀m฀s฀o฀n฀,฀ ฀A฀.฀ ฀H฀.฀,฀ ฀P฀a฀r฀i฀o฀t฀a฀,฀ ฀L฀.฀,฀ ฀B฀e฀a฀n฀,฀ ฀A฀.฀,฀ ฀&฀ ฀B฀o฀e฀r฀,฀ ฀E฀.฀ ฀R฀.฀ ฀(฀2฀0฀1฀8฀)฀.฀ 38 
฀U฀s฀i฀n฀g฀ ฀d฀r฀i฀v฀e฀r฀ ฀c฀o฀n฀t฀r฀o฀l฀ ฀m฀o฀d฀e฀l฀s฀ ฀t฀o฀ ฀u฀n฀d฀e฀r฀s฀t฀a฀n฀d฀ ฀a฀n฀d฀ ฀e฀v฀a฀l฀u฀a฀t฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀u฀r฀a฀l฀ ฀v฀a฀l฀i฀d฀i฀t฀y฀ ฀o฀f฀ ฀d฀r฀i฀v฀in g฀ 39 
   
 
฀2฀7 
 
 
฀s฀i฀m฀u฀l฀a฀t฀o฀r฀s฀. ,(((7UDQVDFWLRQVRQ+XPDQ0DFKLQH6\VWHPV฀. 1 
฀M฀a฀t฀t฀h฀e฀w฀s฀,฀ ฀G฀.฀,฀ ฀T฀s฀u฀d฀a฀,฀ ฀A฀.฀,฀ ฀X฀i฀n฀,฀ ฀G฀.฀,฀ ฀&฀ ฀O฀z฀e฀k฀i฀,฀ ฀Y฀.฀ ฀(฀1฀9฀9฀9฀)฀.฀ ฀I฀n฀d฀i฀v฀i฀d฀u฀a฀l฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀d฀r฀i฀v฀e฀r฀ s t฀r฀e s฀s  2 
฀v฀u฀l฀n฀e฀r฀a฀b฀i฀l฀i฀t฀y฀ ฀i฀n฀ ฀a฀ ฀J฀a฀p฀a฀n฀e฀s฀e฀ ฀s฀a฀m฀p฀l฀e฀. (UJRQRPLFV฀, ฀( 3 ) ,฀ ฀4฀0฀1฀-฀4฀1฀5 .3 
฀M฀a฀z฀e฀,฀ ฀T฀.฀ ฀H฀.฀ ฀(฀1฀9฀8฀1฀)฀.฀ ฀A฀ ฀p฀r฀o฀b฀a฀b฀i฀l฀i฀s฀t฀i฀c฀ ฀m฀o฀d฀e฀l฀ ฀o฀f฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀t฀a฀n฀c฀e฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀. 7UDQVSRUWDWLRQ4 
UHVHDUFKUHFRUG฀, ฀,฀ ฀8฀-฀1฀3฀. 5 
฀M฀i฀l฀l฀e฀r฀,฀ ฀A฀.฀ ฀J฀.฀,฀ ฀a฀n฀d฀ ฀R฀.฀ ฀L฀.฀,฀ ฀P฀r฀e฀t฀t฀y฀ ฀(฀1฀9฀6฀8฀)฀,฀ ฀O฀v฀e฀r฀t฀a฀k฀i฀n฀g฀ ฀o฀n฀ ฀t฀w฀o฀-฀l฀a฀n฀e฀ ฀r฀u฀r฀a฀l฀ ฀r฀o฀a฀d฀s฀.฀ 3URF$XVW5G6 
5HV%RDUG฀,฀ ฀V฀o฀l฀.฀4฀,฀ ฀N฀o฀.฀1฀,฀ ฀5฀8฀2฀–฀5฀9฀1฀. 7 
฀N฀a฀b฀a฀e฀e฀,฀ ฀S฀.฀,฀ ฀M฀o฀o฀r฀e฀,฀ ฀D฀.฀,฀ ฀&฀ ฀H฀u฀r฀w฀i฀t฀z฀,฀ ฀D฀.฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀R฀e฀v฀i฀s฀i฀t฀i฀n฀g฀ ฀D฀r฀i฀v฀e฀r฀ ฀B฀e฀h฀a฀v฀i฀o฀r฀ ฀a฀t฀ ฀U฀n฀s฀i฀g฀n฀a฀l฀i฀z฀e d  8 
฀I฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀:฀ ฀T฀i฀m฀e฀ ฀o฀f฀ ฀D฀a฀y฀ ฀I฀m฀p฀l฀i฀c฀a฀t฀i฀o฀n฀s฀ ฀f฀o฀r฀ ฀T฀w฀o฀-฀W฀a฀y฀ ฀L฀e฀f฀t฀ ฀T฀u฀r฀n฀ ฀L฀a฀n฀e฀s฀ ฀(฀T฀W฀L฀T L )฀. 9 
฀O฀s฀s฀e฀n฀,฀ ฀S฀.฀,฀ ฀&฀ ฀H฀o฀o฀g฀e฀n฀d฀o฀o฀r฀n฀,฀ ฀S฀.฀ ฀(฀2฀0฀0฀5฀)฀.฀ ฀C฀a฀r฀-฀f฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀b฀e฀h฀a฀v฀i฀o฀r฀ ฀a฀n฀a฀l฀y฀s฀i฀s฀ ฀f฀r฀o฀m฀ ฀m฀i฀c฀r฀o฀s฀c฀o฀p฀i฀c฀ 10 
฀t฀r฀a฀j฀e฀c฀t฀o฀r฀y฀ ฀d฀a฀t฀a฀. 7UDQVSRUWDWLRQ5HVHDUFK5HFRUG-RXUQDORIWKH7UDQVSRUWDWLRQ5HVHDUFK11 
%RDUG฀,฀ ฀(฀1฀9฀3฀4฀)฀,฀ ฀1฀3฀-฀2฀1฀. 12 
฀P฀a฀p฀a฀d฀i฀m฀i฀t฀r฀i฀o฀u฀,฀ ฀S฀.฀ ฀a฀n฀d฀ ฀C฀h฀o฀u฀d฀h฀u฀r฀y฀,฀ ฀C฀.฀F฀.฀ ฀(฀2฀0฀1฀7฀)฀.฀ ฀T฀r฀a฀n฀s฀f฀e฀r฀a฀b฀i฀l฀i฀t฀y฀ ฀o฀f฀ ฀C฀a฀r฀-฀F฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀M฀o฀d฀el s  13 
฀B฀e฀t฀w฀e฀e฀n฀ ฀D฀r฀i฀v฀i฀n฀g฀ ฀S฀i฀m฀u฀l฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀F฀i฀e฀l฀d฀ ฀T฀r฀a฀f฀f฀i฀c฀.฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀a฀t฀i฀o฀n฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀R฀e฀c฀o฀r฀d฀:฀ ฀J฀o฀u฀r฀n฀a l฀ ฀o฀f฀ 14 
฀t฀h฀e฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀a฀t฀i฀o฀n฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀B฀o฀a฀r฀d฀,฀ ฀(฀2฀6฀2฀3฀)฀,฀ ฀p฀p฀.฀6฀0฀-฀7฀2฀. 15 
฀P฀a฀s฀c฀h฀a฀l฀i฀d฀i฀s฀,฀ ฀E฀.฀,฀ ฀C฀h฀o฀u฀d฀h฀u฀r฀y฀,฀ ฀C฀.฀F฀.฀ ฀a฀n฀d฀ ฀H฀e฀s฀s฀,฀ ฀S฀.฀ ฀(฀2฀0฀1฀8฀)฀.฀ ฀I฀m฀p฀r฀o฀v฀i฀n฀g฀ ฀t฀h฀e฀ ฀T฀r฀a฀n฀s฀f฀e฀r฀a฀b฀i฀l฀t฀y฀ ฀o฀f฀ C฀a฀r฀-16 
฀F฀o฀l฀l฀o฀w฀i฀n฀g฀ ฀M฀o฀d฀e฀l฀s฀ ฀B฀e฀t฀w฀e฀e฀n฀ ฀D฀r฀i฀v฀i฀n฀g฀ ฀S฀i฀m฀u฀l฀a฀t฀o฀r฀ ฀a฀n฀d฀ ฀F฀i฀e฀l฀d฀ ฀T฀r฀a฀f฀f฀i฀c฀,฀ ฀9฀7฀t฀h฀ ฀A฀n฀n฀u a฀l฀ ฀M e e t i฀n฀g฀ ฀o฀f฀ 17 
฀t฀h฀e฀ ฀T฀r฀a฀n฀s฀p฀o฀r฀t฀a฀t฀i฀o฀n฀ ฀R฀e฀s฀e฀a฀r฀c฀h฀ ฀B฀o฀a฀r฀d฀,฀ ฀U฀S฀A฀. 18 
฀P฀i฀c฀a฀r฀d฀,฀ ฀R฀.฀ ฀W฀.฀,฀ ฀V฀y฀z฀a฀s฀,฀ ฀E฀.฀,฀ ฀&฀ ฀H฀e฀a฀l฀e฀y฀,฀ ฀J฀.฀ ฀(฀2฀0฀0฀1฀)฀.฀ ฀T฀o฀w฀a฀r฀d฀ ฀m฀a฀c฀h฀i฀n฀e฀ ฀e฀m฀o฀t฀i฀o฀n฀a฀l฀ ฀i฀n t e l฀l฀i฀g฀e฀n c e :19 
฀A฀n฀a฀l฀y฀s฀i฀s฀ ฀o฀f฀ ฀a฀f฀f฀e฀c฀t฀i฀v฀e฀ ฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀s฀t฀a฀t฀e฀. ,((( WUDQVDFWLRQV RQ SDWWHUQ DQDO\VLV DQG20 
PDFKLQHLQWHOOLJHQFH฀, ฀(฀1฀0฀)฀,฀ ฀1฀1฀7฀5฀-฀1฀1฀9฀1 21 
฀P฀o฀l฀l฀a฀t฀s฀c฀h฀e฀k฀,฀ ฀M฀.฀ ฀A฀.฀,฀ ฀P฀o฀l฀u฀s฀,฀ ฀A฀.฀,฀ ฀&฀ ฀L฀i฀v฀n฀e฀h฀,฀ ฀M฀.฀ ฀(฀2฀0฀0฀2฀)฀.฀ ฀A฀ ฀d฀e฀c฀i฀s฀i฀o฀n฀ ฀m฀o฀d฀e฀l฀ ฀f฀o฀r฀ ฀g฀a฀p฀ ฀a฀c฀c฀e฀p฀ta n฀c฀e  22 
฀a฀n฀d฀ ฀c฀a฀p฀a฀c฀i฀t฀y฀ ฀a฀t฀ ฀i฀n฀t฀e฀r฀s฀e฀c฀t฀i฀o฀n฀s฀. 7UDQVSRUWDWLRQ 5HVHDUFK 3DUW % 0HWKRGRORJLFDO฀,  (฀7฀)฀,฀ 23 
฀6฀4฀9฀-฀6฀6฀3฀. 24 
฀Q฀u฀,฀ ฀W฀.฀,฀ ฀G฀e฀,฀ ฀Y฀.฀,฀ ฀J฀i฀a฀n฀g฀,฀ ฀C฀.฀,฀ ฀D฀u฀,฀ ฀F฀.฀,฀ ฀&฀ ฀Z฀h฀a฀n฀g฀,฀ ฀K฀.฀ ฀(฀2฀0฀1฀4฀)฀.฀ ฀T฀h฀e฀ ฀D฀u฀l฀a฀ ฀D฀a฀n฀g฀e฀r฀o฀u฀s฀ ฀D฀r฀i฀v฀i฀n฀g฀ ฀I฀n฀d฀e฀x฀ 25 
฀i฀n฀ ฀C฀h฀i฀n฀a฀:฀ ฀a฀n฀ ฀i฀n฀v฀e฀s฀t฀i฀g฀a฀t฀i฀o฀n฀ ฀o฀f฀ ฀r฀e฀l฀i฀a฀b฀i฀l฀i฀t฀y฀ ฀a฀n฀d฀ ฀v฀a฀l฀i฀d฀i฀t฀y฀. $FFLGHQW$QDO\VLV	3UHYHQWLRQ , ฀,฀ 26 
฀6฀2฀-฀6฀8฀. 27 
฀R฀ ฀C฀o฀r฀e฀ ฀T฀e฀a฀m฀ ฀(฀2฀0฀1฀3฀)฀.฀ ฀R฀:฀ ฀A฀ ฀l฀a฀n฀g฀u฀a฀g฀e฀ ฀a฀n฀d฀ ฀e฀n฀v฀i฀r฀o฀n฀m฀e฀n฀t฀ ฀f฀o฀r฀ ฀s฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀ ฀c฀o฀m฀p฀u฀ti .  R  28 
฀F฀o฀u฀n฀d฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ ฀S฀t฀a฀t฀i฀s฀t฀i฀c฀a฀l฀ ฀C฀o฀m฀p฀u฀t฀i฀n฀g฀,฀ ฀V฀i฀e฀n฀n฀a฀,฀ ฀A฀u฀s฀t฀r฀i฀a฀.฀ ฀U฀R฀L฀ ฀h฀t฀t฀p฀:฀/฀/฀w฀w฀w฀.฀R฀-฀p฀r฀o฀j฀e฀c฀t฀.฀o฀rg฀/฀. 29 
฀R฀a฀f฀f฀,฀ ฀M฀.฀S฀.฀,฀ ฀J฀.฀W฀.฀ ฀H฀a฀r฀t฀ ฀(฀1฀9฀5฀0฀)฀,฀ ฀A฀ ฀v฀o฀l฀u฀m฀e฀ ฀w฀a฀r฀r฀a฀n฀t฀ ฀f฀o฀r฀ ฀u฀r฀b฀a฀n฀ ฀s฀t฀o฀p฀ ฀s฀i฀g฀n฀s฀.฀ ฀E฀n฀o฀ ฀F฀o฀u฀n฀d฀a฀t฀i฀o฀n฀ ฀f฀o฀r฀ 30 
฀H฀i฀g฀h฀w฀a฀y฀ ฀T฀r฀a฀f฀f฀i฀c฀ ฀C฀o฀n฀t฀r฀o฀l฀,฀ ฀S฀a฀u฀g฀a฀t฀u฀c฀k฀,฀ ฀C฀o฀n฀n฀e฀c฀t฀i฀c฀u฀t฀,฀ ฀U฀S฀A฀. 31 
฀R฀e฀n฀d฀o฀n฀-฀V฀e฀l฀e฀z฀,฀ ฀E฀.฀,฀ ฀V฀a฀n฀ ฀L฀e฀e฀u฀w฀e฀n฀,฀ ฀P฀.฀ ฀M฀.฀,฀ ฀H฀a฀p฀p฀e฀e฀,฀ ฀R฀.฀,฀ ฀H฀o฀r฀v฀á฀t฀h฀,฀ ฀I฀.฀,฀ ฀V฀a฀n฀ ฀d฀e฀r฀ ฀V฀e฀g฀t฀e฀,฀ ฀W .฀ ฀F฀.฀,฀ ฀&฀ 32 
฀D฀e฀ ฀W฀i฀n฀t฀e฀r฀,฀ ฀J฀.฀ ฀C฀.฀ ฀F฀.฀ ฀(฀2฀0฀1฀6฀)฀.฀ ฀T฀h฀e฀ ฀e฀f฀f฀e฀c฀t฀s฀ ฀o฀f฀ ฀t฀i฀m฀e฀ ฀p฀r฀e฀s฀s฀u฀r฀e฀ ฀o฀n฀ ฀d฀r฀i฀v฀e฀r฀ ฀p฀e฀r฀f฀o฀r฀m฀a฀n฀c฀e a n d  33 
฀p฀h฀y฀s฀i฀o฀l฀o฀g฀i฀c฀a฀l฀ ฀a฀c฀t฀i฀v฀i฀t฀y฀:฀ ฀a฀ ฀d฀r฀i฀v฀i฀n฀g฀ ฀s฀i฀m฀u฀l฀a฀t฀o฀r฀ ฀s฀t฀u฀d฀y฀. 7UDQVSRUWDWLRQUHVHDUFKSDUW) WUDIILF34 
SV\FKRORJ\DQGEHKDYLRXU฀, ฀,฀ ฀1฀5฀0฀-฀1฀6฀9฀. 35 
฀R฀i฀g฀a฀s฀,฀ ฀G฀.฀,฀ ฀G฀o฀l฀e฀t฀s฀i฀s฀,฀ ฀Y฀.฀,฀ ฀&฀ ฀F฀o฀t฀i฀a฀d฀i฀s฀,฀ ฀D฀.฀ ฀I฀.฀ ฀(฀2฀0฀1฀2฀)฀.฀ ฀R฀e฀a฀l฀-฀t฀i฀m฀e฀ ฀d฀r฀i฀v฀e฀r฀'฀s฀ ฀s฀t r฀e฀s s  e v e฀n฀t  36 
฀d฀e฀t฀e฀c฀t฀i฀o฀n฀. ,(((7UDQVDFWLRQVRQLQWHOOLJHQWWUDQVSRUWDWLRQV\VWHPV฀, ฀(฀1฀)฀,฀ ฀2฀2฀1฀-฀2฀3฀4฀.37 
฀R฀h฀o฀d฀e฀s฀,฀ ฀N฀.฀,฀ ฀&฀ ฀P฀i฀v฀i฀k฀,฀ ฀K฀.฀ ฀(฀2฀0฀1฀1฀)฀.฀ ฀A฀g฀e฀ ฀a฀n฀d฀ ฀g฀e฀n฀d฀e฀r฀ ฀d฀i฀f฀f฀e฀r฀e฀n฀c฀e฀s฀ ฀i฀n฀ ฀r฀i฀s฀k฀y฀ ฀d฀r฀i฀v฀i฀n฀g฀:฀ ฀T฀h฀e฀ ฀r฀o฀l฀e฀s฀ ฀o฀f฀ 38 
฀p฀o฀s฀i฀t฀i฀v฀e฀ ฀a฀f฀f฀e฀c฀t฀ ฀a฀n฀d฀ ฀r฀i฀s฀k฀ ฀p฀e฀r฀c฀e฀p฀t฀i฀o฀n฀. $FFLGHQW$QDO\VLV	3UHYHQWLRQ฀, ฀(฀3฀)฀,฀ 9฀2฀3฀-฀9฀3฀1฀.39 
   
 
฀2฀8 
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